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Title : Methods of Modulating Immune Coagulation 
FIELD OF THE INVENTION 

The present invention relates to methods for modulating immune 
coagulation using novel antibodies and compounds that modulate immune coagulation. 
5 B ACKGROUND OF THE INVENTION 

Activation of the coagulation pathways is an important part of immune and 
inflammatory reactions and is associated with bacterial and viral infections (e.g. endotoxin 
shock, viral hepatitis), glomerulonephritis (GN), cancer, a number of gastrointestinal 
diseases, allograft and xeno graft rejection and spontaneous or stress- triggered fetal loss. 

10 Immune coagulation is mediated by a number of coagulants that, when triggered, activate 
specific ligands resulting in cleavage and activation of coagulation pathways that lead to 
fibrin deposition. The molecular events leading to expression of immune coagulants involve 
natural antibodies binding both to antigens on endothelial cells and Fc receptors on 
macrophages and endothelial cells. An additional mechanism is immune 

15 complex-mediated induction of macrophage procoagulants. These events lead to thrombin 
production which initiates platelet activation and ultimately fibrin deposition. 

In 50% of hepatitis patients moderate to severe consumptive coagulopathy, 
or disseminated intravascular coagulopathy is found associated with fulminant hepatitis. 
Thrombi formation is observed around necrotic areas (Sinclair et al., 1990 and Lee, W. M., 

20 1993)^ As a consequence of hepatitis, levels of factors II, V, VII, and X are decreased in the 
liver, reflecting both consumptive coagulopathy and a decrease in hepatic synthetic 
function. Also, the levels of thrombin-antithrombin complexes are high and platelet counts 
are low (Lee, W. M., 1993). These results indicate that the host immune system, including 
the coagulation pathway, is disrupted as a result of HBV infection. The limited host range 

25 of HBV and the difficulty to propagate the virus in tissue culture have hampered the 
understanding of HBV and hepatitis B. 

Mononuclear phagocytes and macrophages are implicated in the 
pathogenesis of hepatitis specific induction of procoagulant activity because of their role in 
coagulation; they synthesize some of the essential coagulation factors such as tissue factor 

30 and their surfaces serve as sites of fibrin deposition. Factors participating in the 
coagulation cascade are released as inactive zymogens and upon activation, by preceding 
activated factors, they are converted to their active form. The factors are predominantly 
serine proteases (Davie et al., 1991). Factors Vila, Xlla, XIa, Xa, IXa, thrombin, 
kallikrein, and plasminogen are categorized under family 1 serine proteases (Davie et aL, 

35 1991; Barrett and Rawlings, 1995; Rawlings and Barrett, 1994; Nduwimana et al., 1995). In 
order to initiate the coagulation cascade the procoagulants need to be expressed. Ruegg and 
Pytela, 1995 isolated a cDNA encoding a protein that is homologous to a murine 
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fibrinogen-like protein (Koyama et al. 1987). However, they did not determine the 
function of the protein or realize its use in modulating immune coagulation. 

In view of the many diseases associated with the activation of the 
coagulation pathways, there is a need to identify and characterize procoagulants and to 
5 develop methods for modulating immune coagulation that are useful in the prevention, 
treatment and diagnosis of diseases associated therewith including bacterial and viral 
infections, glomerulonephritis (GN), cancer, a number of gastrointestinal diseases, allograft 
and xenograft rejection and spontaneous or stress- triggered fetal loss. 
SUMMARY OF THE INVENTION 

1° The present inventor has identified and characterised an immune 

procoagulant, and the molecular and cellular events leading to its production. Specifically, 
the mouse and human direct prothrombinase genes (referred to herein as "mFgl2" and 
"hFgll" respectively) have been cloned and sequenced. The nucleic acid sequence of the 
human and mouse Fgl2 is shown in SEQ.ID.NOS.il and 3, respectively. The genes encode a 

15 transmembrane serine protease which has functional prothrombinase activity. The 
proteins encoded by the genes have been sequenced in both humans and mice. The protein 
has a molecular weight of approximately 70kd. The hfgll gene has been mapped to 
chromosome 7 and the mFgl2 gene to chromosome 5. The inventor has cloned and sequenced 
the genomic DNA encoding the human prothrombinase. The organization of the genomic 

20 DNA encoding hFg!2 is shown schematically in Figure 1. The nucleic acid sequence pf the 

v 

promoter region, exon 1, exon 2 and the 3' UTR are shown in Figures 8, 2, 3 and 4, 
respectively. The amino acid sequence of the human and mouse Fgl2 protein is shown in 
Figure 5 and in SEQ.ID.NOS.:2 and 4, respectively. 

The determination by the inventor that Fgl2 is a direct prothrombinase 

25 allows the development of diagnostic methods and therapies for conditions involving 
immune coagulation. 

Accordingly, the present invention provides a method of inhibiting immune 
coagulation comprising inhibiting the activity or expression of Fgl2. The method can be 
used in vivo to treat a condition which requires a reduction in immune coagulation such as 

30 bacterial and viral infections, glomerulonephritis (GN), cancer, a number of 
gastrointestinal diseases, allograft and xenograft rejection and fetal loss. 

In one aspect, the activity of Fgl2 may be inhibited using an antibody that 
binds to Fgl2. The present inventor has developed a panel of monoclonal and polyclonal 
antibodies which neutralize Fgl2 and prevent the fibrin deposition associated with 

35 endotoxin shock, viral hepatitis, allograft and xenograft rejection. The antibodies were 
shown to prevent cellular infiltration, fibrin deposition and tissue damage, and lead to 
enhanced survival. In particular, antibodies against the direct prothrombinase (Fgl2) were 
found to be extremely useful in preventing diseases known to have associated massive fibrin 
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deposition and coagulative necrosis, including allograft and xenograft rejection as well as 
fetal loss induced by stress or cytokines. 

In one embodiment, the present invention provides a method of preventing 
or reducing graft rejection comprising administering an effective amount of an antibody to 
5 Fgl2 to an animal in need thereof. 

In another embodiment, the present invention provides a method of 
preventing or reducing fetal loss comprising administering an effective amount of antibody 
to Fgl2 to an animal in need thereof. 

Antibodies can be prepared using entire Fgl2 proteins or immunogenic 
10 portions thereof. Preferably, such portions bind with an affinity of at least about 10 6 
L/mole to an antibody raised against Fgl2. In particular, the present inventor has shown 
that a peptide comprising amino acid residues 300 to 400 is useful in raising antibodies. 
Accordingly, the present invention contemplates antibodies which (a) immunoreact with 
peptides comprising the amino acids at approximately positions 300 to 400 in Figure 5; and 
15 (b) neutralize the prothrombinase activity of hFgl2. The invention also relates to 
hybridoma cell lines that produce the monoclonal antibodies, and inhibitors and activators 
thereof. 

In another aspect, the expression of Fgl2 may be inhibited using antisense 
molecules that are complimentary to a nucleic acid sequence from the Fgl2 gene. In 
20 particular, the nucleic acid sequences for Fgl2 as shown in Figures 2 or 3 may be inverted 
relative to their normal presentation for transcription to produce antisense nucleic acid 
molecules. 

Additional inhibitors of Fgl2 may be identified by testing substances that 
inhibit the prothrombinase activity of Fgl2. In particular, the invention contemplates a 

25 method for assaying for a substance that affects the prothrombinase activity of Fgl2 
comprising (a) reacting Fgl2, a substrate which is capable of being cleaved by Fgl2 to 
produce a product, and a test substance, under conditions which permit cleavage of the 
substrate to produce the product; (b) assaying for product; and (c) comparing to the product 
obtained in the absence of the substance to determine the affect of the substance on the 

30 prothrombinase activity of the Fgl2 protein. 

The nucleic acid molecules encoding Fgl2, Fgl2 proteins, and monoclonal 
antibodies of the present invention have diagnostic and monitoring applications. In 
particular they may be used in conventional assays to monitor or diagnose conditions such as 
bacterial and viral infections (e.g. endotoxin shock, viral hepatitis), allograft rejection, 

35 glomerulonephritis, cancer, a number of gastrointestinal diseases and fetal loss. 

In one embodiment, the present invention provides a method for diagnosing 
or monitoring a condition involving increased immune coagulation in an animal comprising 
detecting a Fgl2 protein or a Fgl2 nucleic acid in a biological sample from the animal. 
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The invention also contemplates compositions comprising, and methods of 
using (a) the monoclonal antibodies produced by the hybridoma cell lines of the invention; 
(b) inhibitors and activators of the monoclonal antibodies; (c) antibodies to a Fgl2; (d) 
antisense nucleic acid molecules tofgll; and (e) substances identified using the methods of 
the invention (e.g. inhibitors and activators of the expression of a nucleic acid molecule of 
the invention; and, inhibitors and activators of the activity of a Fgl2 protein of the 
invention). 

The compositions of the invention may be used in the prevention or 
treatment of conditions requiring a reduction in procoagulant activity. Therefore, the 
invention contemplates a composition for treating a condition requiring a reduction in 
procoagulant activity comprising administering a therapeutically effective amount of one 
or more inhibitors of Fgl2. The inhibitor may be an antibody specific for a Fgl2; an 
antisense nucleic acid molecule of the invention; substances identified in accordance with 
the methods of the invention or a monoclonal antibody produced by a hybridoma ceU line of 
the present invention. Conditions which require reduction in procoagulant activity include 
bacterial and viral infections (e.g. endotoxin shock, viral hepatitis), allograft and 
xenograft rejection, glomerulonephritis, cancer, a number of gastrointestinal diseases and 
fetal loss. 

The present invention also contemplates a vaccine for preventing graft 
rejection comprising an amount of a Fgl2 protein which is effective to provide protection 
against graft rejection. 

The present invention also contemplates a vaccine for preventing fetal loss 
comprising an amount of a Fgl2 protein which is effective to provide protection against 
fetal loss. 

Other objects, features and advantages of the present invention will become 
apparent from the following detailed description. It should be understood, however, that 
the detailed description and the specific examples while indicating preferred 
embodiments of the invention are given by way of illustration only, since various changes 
and modifications within the spirit and scope of the invention will become apparent to 
30 those skilled, in the art from this detailed description. 
DES CRIPTION OF THE DRAWINGS 

The invention will be better understood with reference to the drawings in 

which: 

Figure 1 is a schematic representation of the hfgl2 gene; 
Figure 2 shows the nucleotide sequences of exon 1 of the mouse and human 

Fgl3 genes; 

Figure 3 shows the nucleotide sequences of exon 2 of the mouse and human 

Fgl2 genes; 
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Figure 4 shows the nucleotide sequence of the 3' UTR of hFgl2; 
Figure 5 shows the amino acid sequences of the mouse and human Fgl2 
proteins with the serine protease sites boxed; 

Figure 6 is the amino acid sequence of the mouse and human Fgl2 proteins, 
5 with the 5 glycosylation sites underlined; 

Figure 7 shows the predicted secondary structure of the hFgl2 protein; 
Figure 8 shows the nucleotide sequence of the mouse and human Fgl2 gene 
promoter regions; 

Figure 9 shows the nucleic acid sequence of the transcription binding sites in 
10 the putative promoter region of hfgll; 

Figure 10A is a sample of electrophoresis of PAC clones on a CHEF gel; 
Figure 10B is a sample of electrophoresis of PAC clones on regular gel; 
Figure 11 is a restriction map of three PAC clones; 

Figure 12 is a graph showing the prevention of CsA graft rejection by CsA 
15 alone or in combination with antibodies to immune coagulants. 

Figure 13 is a map of the pGL2-Basic - fgl-2 Promoter Region Constructs. 
Figure 14 shows Fgl-2 induction in xerioserum versus autologous serum. 
Figure 15 shows dose response curves for fgl-2 induction in xenoserum versus 
autologous serum. 

20 Figure 16 shows FBS induction of luciferase activity for the 5' deletion 

series and pL3'274. 

Figure 17 shows the Fgl-2 promoter DNA sequence. 

Figure 18 is a graph showing the prevention of fetal loss by monoclonal 

antibody 3D4.3. 

25 Figure 19 is a gel showing the time course of expression of murine fgl2. 

Figure 20 is a Western blot showing expressed fgl2. 
Figure 21 is a Coomassie blue stained gel showing expressed fg!2. 
Figure 22 is an autoradiograph showing 1251 labelled fgl2. 
DETAILED DESCR IPTION OF THE INVENTION 
30 . The following standard abbreviations for the amino acid residues are used 

throughout the specification: A, Ala - alanine; C, Cys - cysteine; D, Asp- aspartic acid; E, 
Glu - glutamic acid; F, Phe - phenylalanine; G, Gly - glycine; H, His - histidine; I, He - 
isoleucine; K, Lys - lysine; L, Leu - leucine; M, Met - methionine; N, Asn - asparagine; P, Pro 
- proline; Q, Gin - glutamine; R, Arg - arginine; S, Ser - serine; T, Thr - threonine; V, Val - 
35 valine; W, Trp- tryptophan; Y, Tyr - tyrosine; and p.Y., P.Tyr - phosphotyrosine. 

As hereinbefore mentioned, the inventor has cloned and sequenced the 
human and mouse genes encoding the protein Fgl2. The inventor has characterised the Fgl2 
proteins and has shown that it is a direct prothrombinase. The determination by the is a 
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direct prothrombinase allows the development of therapeutic and diagnostic methods and 
compositions for conditions involving immune coagulation. 
1. THERAPEUTIC APPLICATIONS 
(A) Methods of Inhibiting Immune QeagaiatiQB 
5 In one aspect, the present invention includes methods of inhibiting immune 

coagulation by inhibiting the activity or expression of Fgl2. Methods that inhibit immune 
coagulation may be useful in treating conditions which require reduction in procoagulant 
activity including bacterial and viral infections (e.g. endotoxin shock, viral hepatitis), 
allograft and xenograft rejection, glomerulonephritis, cancer, a number of gastrointestinal 
10 diseases and fetal loss. 

Accordingly, the present invention provides a method of preventing or 
treating a condition requiring a reduction in immune coagulation comprising administering 
an effective amount of an inhibitor of Fgl2 to an animal in need thereof. 

Administration of an "effective amount" of the compounds of the present 
15 invention is defined as an amount effective, at dosages and for periods of time necessary to 
achieve the desired result. The effective amount of a compound of the invention (such as an 
inhibitor of Fgl2) may vary according to factors such as the disease state, age, sex, and 
weight of the animal. Dosage regima may be adjusted to provide the optimum therapeutic 
response. For example, several divided doses may be administered daily or the dose may 
be proportionally reduced as indicated by the exigencies of the therapeutic situation: The 
term "animal" as used herein includes all members of the animal kingdom, including 
humans. Preferably, the animal to be treated is a human. 

Inhibitors of Fgl2 include substances that inhibit the transcription and 
translation of the Fgl2 gene as well as substances that inhibit the prothrombinase activity 
25 of the Fgl2 protein, 
(i) Antibodies 

Examples of substances that can inhibit the prothrombinase activity of the 
Fgl2 protein are polyclonal and monoclonal antibodies that bind and neutralize Fgl2. 

Accordingly, the present invention provides a method of preventing or 
treating a condition requiring a reduction in immune coagulation comprising administering 
an effective amount of an antibody to Fgl2 to an animal in need thereof. An effective 
amount of an antibody means an amount of the antibody that is effective to neutralize or 
inhibit the prothrombinase activity of the Fgl2 protein. 

The inventor has prepared monoclonal antibodies that neutralize the 
35 activity of Fgl2. In particular, the inventor has shown that antibodies to Fgl2 can inhibit 
graft rejection in both allograft and xenograft models. Therefore, the present invention 
provides a method of preventing or reducing graft rejection comprising administering an 
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effective amount of an antibody to Fgl2 to an animal in need thereof. In one embodiment, 
the animal is a human and the antibody binds human Fgl2. 

The inventor has also shown that antibodies to Fgl2 can prevent or reduce 
fetal loss resulting from stress or cytokines. Therefore, the present invention also provides a 
5 method of preventing or reducing fetal loss comprising administering an effective amount of 
an antibody to Fgl2 to an animal in need thereof. 

The present invention also provides an antibody that binds an epitope of 
hFgl2 comprising the amino acids at positions 300 to 400 in Figure 5. In a preferred 
embodiment, the present invention provides an antibody that binds an epitope of hFgl2 
10 comprising the amino acids at positions 364-378 (DRYPSGNCGLYYSSG) in Figure 5. 

Antibodies that bind Fgl2 can be prepared using techniques known in the art 
such as those described by Kohler and Milstein, Nature 256, 495 (1975) and in U.S. Patent 
Nos. RE 32,011, 4,902,614, 4,543,439, and 4,411,993 which are incorporated herein by 
reference. (See also Monoclonal Antibodies, Hybridomas: A New Dimension in Biological 
15 Analyses, Plenum Press, Kennett, McKearn, and Bechtol (eds.), 1980, and Antibodies: A 
Laboratory Manual, Harlow and Lane (eds.), Cold Spring Harbor Laboratory Press, 1988, 
which are also incorporated herein by reference). 

Within the context of the present invention, antibodies are understood to 
include monoclonal antibodies, polyclonal antibodies, antibody fragments (e.g., Fab, and 

20 F(ab ! ) 2 ) am* recombinantly produced binding partners. Antibodies are understood to be 

v 

reactive against the protein encoded by the nucleic acid molecule of the invention if they 
bind to Fgl2 with an affinity of greater than or equal to 10* 6 M. As will be appreciated by 
one of ordinary skill in the art, antibodies may be developed which not only bind to the 
protein, but which bind to a regulator of the protein, and which also block the biological 

25 activity of the protein. 

Polyclonal antibodies may be readily generated by one of ordinary skill in 
the art from a variety of warm-blooded animals such as horses, cows, various fowl, rabbits, 
mice, or rats. Briefly, a Fgl2 protein of the invention or portions thereof, may be used to 
immunize an animal. A preferred portion of the protein includes amino acid residues 300 to 

30 400, more preferably 364-378, shown in -Figure 5. An animal may be immunized through 
intraperitoneal, intramuscular, intraocular, or subcutaneous injections, in conjunction with an 
adjuvant such as Freund's complete or incomplete adjuvant. Following several booster 
immunizations, samples of serum are collected and tested for reactivity to the protein. 
Particularly preferred polyclonal antisera will give a signal on one of these assays that is 

35 at least three times greater than background. Once the titer of the animal has reached a 
plateau in terms of its reactivity to the protein, larger quantities of antisera may be 
readily obtained either by weekly bleedings, or by exsanguinating the animal. 
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Monoclonal antibodies may also be readily generated using conventional 
techniques as described herein. Generally, hybridoma cell lines are prepared by a process 
involving the fusion under appropriate conditions of an immortalizing cell line and spleen 
cells from an animal appropriately immunized to produce the desired antibody. 
5 Immortalizing cell lines may be murine in origin however, cell lines of other mammalian 
species may be employed including those of rat, bovine, canine, human origin, and the like. 
The immortalizing cell lines are most often of tumor origin, particularly myeloma cells but 
may also include normal cells transformed with, for example, Epstein Barr Virus. Any 
immortalizing cell may be used to prepare the hybridomas of the present invention. 

10 Antibody producing cells may be employed as fusion partners such as spleen 

cells or peripheral blood lymphocytes. The animal from which the cells are to be derived 
may be immunized at intervals with peptides derived from Fgl2. By way of example, 
animals may be immunized with peptides comprising the amino acids at approximately 
position 300 to 400 preferably positions 364 to 378 in Figure 5. 

15 The immortalizing cells and lymphoid cells may be fused to form 

hybridomas according to standard and well-known techniques employing polyethylene 
glycol as a fusing agent. Alternatively, fusion may be accomplished by electrofusion. 

Hybridomas are screened for appropriate monoclonal antibody secretion by 
assaying the supernatant or protein purified from the ascites for reactivity using the 

20 method described herein. The hybridomas are screened for antibodies which have the 
desired properties e.g. neutralize the prothrombinase activity of Fgl2. 

The monoclonal antibodies produced by the hybridoma cell lines of the 
invention are also part of the present invention. In accordance with an embodiment of the 
invention, the monoclonal antibodies immunoreact with peptides comprising the amino 

25 acids at positions 300 to 400 preferably 364 to 378 in Figure 5. 

Monoclonal antibodies which immunoreact with peptides comprising the 
amino acids at positions 300 to 400 in Figure 5, include homogeneous populations of 
immunoglobulins. It is understood that immunoglobulins may exist in acidic, basic, or 
neutral form depending on their amino acid composition and environment, and they may be 

30 found in association with other molecules such as saccharides or lipids. The monoclonal 
antibodies produced by hybridoma cell lines of the invention may be directed against one or 
more of epitopes of Fgl2. Any characteristic epitope associated with Fgl2 may provide the 
requisite antigenic determinant. It is contemplated that monoclonal antibodies produced by 
the hybridoma cell lines fall within the scope of the present invention so long as they 

35 remain capable of selectively reacting with peptides from Fgl2 preferably the peptides 
comprising the amino acids at approximately positions 300-400, most preferably 364 to 378 
in Figure 5. 
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The antigens recognized by the monoclonal antibodies described herein are 
also a part of the present invention. An antigen recognized by a monoclonal antibody 
produced by a hybridoma cell line of the invention, may be localized to specific cells and 
tissues using conventional immunocytochemistry methods. Cryostat sections may be 
5 incubated with a monoclonal antibody of the invention and processed by the 
avidin-biotin-peroxidase technique (ABC Vectastain). This will determine which class of 
cells express an antigen of Fgl2. 

The invention also provides a method for assaying for the presence of an 
activator or inhibitor of a monoclonal antibody to Fgl2 produced by hybridoma cell lines of 

10 the invention comprising mixing macrophages, a known concentration of the monoclonal 
antibody, and a suspected activator or inhibitor of the monoclonal antibody, and assaying 
for procoagulant activity. The methods of the invention permit the identification of 
potential stimulators or inhibitors of procoagulant activity. 

The present invention includes recombinant or chimeric antibody molecules. 

15 Such antibodies or binding partners may be constructed utilizing recombinant DNA 
techniques to incorporate the variable regions of a gene which encodes a specifically 
binding antibody. Within one embodiment, the genes which encode the variable region 
from a hybridoma producing a monoclonal antibody of interest are amplified using 
nucleotide primers for the variable region. These primers may be synthesized by one of 

20 ordinary skill in the art, or may be purchased from commercially available sources. 
Primers for mouse and human variable regions including, among others, primers for V Fla , 

V Hb' V Hc V Hd' C H1' V L md C L regions are available from Stratacyte (La Jolla, Calif). 
These primers may be utilized to amplify heavy or light chain variable regions, which 
may then be inserted into vectors such as ImmunoZAP H or ImmunoZAP L (Stratacyte), 

25 respectively. These vectors may then be introduced into £. coli for expression. Utilizing 
these techniques, large amounts of a single-chain protein containing a fusion of the VH and 
VL domains may be produced (See Bird et al., Science 242:423-426, 1988). In addition, such 
techniques may be utilized to produce a "human" antibody, without altering the binding 
specificity of the antibody. 

30 (ii) Antisense molecules 

Antisense oligonucleotides that are complimentary to a nucleic acid 
sequence from a Fgl2 gene can also be used in the methods of the present invention to inhibit 
Fgl2 activity. 

Accordingly, the present invention provides a method of preventing or 
35 treating a condition requiring a reduction in immune coagulation comprising administering 
an effective amount of an antisense oligonucleotide that is complimentary to a nucleic acid 
sequence from an Fgl2 gene to an animal in need thereof. 
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The term "antisense oligonucleotide" as used herein means a nucleotide 
sequence that is complimentary to its target. 

In one embodiment of the invention, the present invention provides an 
antisense oligonucleotide that is complimentary to a nucleic acid molecule having a 
5 sequence as shown in Figure 2 and Figure 3, wherein T can also be U, or a fragment thereof. 

The term "oligonucleotide" refers to an oligomer or polymer of nucleotide or 
nucleoside monomers consisting of naturally occurring bases, sugars, and intersugar 
(backbone) linkages. The term also includes modified or substituted oligomers comprising 
non-naturally occurring monomers or portions thereof, which function similarly. Such 
10 modified or substituted oligonucleotides may be preferred over naturally occurring forms 
because of properties such as enhanced cellular uptake, or increased stability in the 
presence of nucleases. The term also includes chimeric oligonucleotides which contain two 
or more chemically distinct regions. For example, chimeric oligonucleotides may contain at 
least one region of modified nucleotides that confer beneficial properties (e.g. increased 
15 nuclease resistance, increased uptake into cells), or two or more oligonucleotides of the 
invention may be joined to form a chimeric oligonucleotide. 

The antisense oligonucleotides of the present invention may be ribonucleic or 
deoxyribonucleic acids and may cbntain naturally occurring bases including adenine, 
guanine, cytosine, thymidine and uracil. The oligonucleotides may also contain modified 

20 bases such as xanthine, hypoxanthine, 2-aminoadenine, 6-methyl, 2-propyl andl other 

v 

alkyl adenines, 5-halo uracil, 5-halo cytosine, 6-aza uracil, 6-aza cytosine and 6-aza 
thymine, pseudo uracil, 4-thiouracil, 8-halo adenine, 8-aminoadenine, 8-thiol adenine, 
8-thiolalkyl adenines, 8-hydroxyl adenine and other 8-substituted adenines, 8-halo 
guanines, 8-amino guanine, 8-thiol guanine, 8-thiolalkyl guanines, 8-hydroxyl guanine and 

25 other 8-substituted guanines, other aza and deaza uracils, thymidines, cytosines, adenines, 
or guanines, 5-trifluoromethyl uracil and 5-trifluoro cytosine. 

Other antisense oligonucleotides of the invention may contain modified 
phosphorous, oxygen heteroatoms in the phosphate backbone, short chain alkyl or 
cycloalkyl intersugar linkages or short chain heteroatomic or heterocyclic intersugar 

30 linkages. Fpr example, the antisense oligonucleotides may contain phosphorothioates, 
phosphotriesters, methyl phosphonates, and phosphorodithioates. In an embodiment of 
the invention there are phosphorothioate bonds links between the four to six 3-terminus 
bases. In another embodiment phosphorothioate bonds link all the nucleotides. 

The antisense oligonucleotides of the invention may also comprise 

35 nucleotide analogs that may be better suited as therapeutic or experimental reagents. An 
example of an oligonucleotide analogue is a peptide nucleic acid (PNA) wherein the 
deoxyribose (or ribose) phosphate backbone in the DNA (or RNA), is replaced with a 
polyamide backbone which is similar to that found in peptides (F.E. Nielsen, et al Science 
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1991, 254, 1497). PNA analogues have been shown to be resistant to degradation by enzymes 
and to have extended lives in vivo and in vitro. PNAs also bind stronger to a 
complimentary DNA sequence due to the lack of charge repulsion between the PNA strand 
and the DNA strand. Other oligonucleotides may contain nucleotides containing polymer 
5 backbones, cyclic backbones, or acyclic backbones. For example, the nucleotides may have 
morpholino backbone structures (U.S. Pat. Nol 5,034, 506). Oligonucleotides may also 
contain groups such as reporter groups, a group for improving the pharmacokinetic 
properties of an oligonucleotide, or a group for improving the pharmacodynamic properties 
of an antisense oligonucleotide. Antisense oligonucleotides may also have sugar mimetics: 

10 The antisense nucleic acid molecules may be constructed using chemical 

synthesis and enzymatic ligation reactions using procedures known in the art. The antisense 
nucleic acid molecules of the invention or a fragment thereof, may be chemically 
synthesized using naturally occurring nucleotides or variously modified nucleotides 
designed to increase the biological stability of the molecules or to increase the physical 

15 stability of the duplex formed with mRNA or the native gene e.g. phosphorothioate 
derivatives and acridine substituted nucleotides. The antisense sequences may be produced 
biologically using an expression vector introduced into cells in the form of a recombinant 
plasmid, phagemid or attenuated virus in which antisense sequences are produced under the 
control of a high efficiency regulatory region, the activity of which may be determined by 

20 the cell type into which the vector is introduced. 

The antisense oligonucleotides may be introduced into tissues or cells using 
techniques in the art including vectors (retroviral vectors, adenoviral vectors and DNA 
virus vectors) or physical techniques such as microinjection. The antisense oligonucleotides 
may be directly administered in vivo or may be used to transfect cells in vitro which are 

25 then administered in vivo. In one embodiment, the antisense oligonucleotide may be 
delivered to macrophages and /or endothelial cells in a liposome formulation. 
(Hi) Other Fgl2 inhibitors 

In addition to antibodies and antisense oligonucleotides, other substances 
that inhibit Fgl2 may be isolated. Accordingly, the invention also contemplates a method 

30 for assaying, for a substance that inhibits the prothrombinase activity of a Fgl2 protein of 
the invention comprising reacting a protein of the invention, a substrate that is capable of 
being cleaved by the protein to produce a product, and a test substance, under conditions 
which permit cleavage of the substrate, assaying for product, and comparing to product 
obtained in the absence of the test substance to determine the affect of the substance on the 

35 prothrombinase activity of the protein. Suitable substrates include prothrombin or 
synthetic substrates such as Chromazym TH (Boehringer Mannheim, Laval, PQ). 
Conditions which permit the cleavage of the substrate, may be selected having regard to 
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factors such as the nature and amounts of the substance, substrate, and the amount of 
protein. 

The mRNA for hfgl2 has multiple AUUUA repeats in the 3' end and this 
motif binds a set of RNA binding proteins which render the message stable.' Removal of the 
element decreases mRNA stability. Therefore, the invention also contemplate substances 
which disrupt the AUUUA and RNA binding protein interactions and thereby destabilize 
the mRNA. The effect of a test substance on the Hf g l2 message may be assayed using 
conventional methods. 
(B) Methods of InduHnf> F f ft 

In an alternate embodiment, the present invention includes methods of 
mducmg unmune coagulation by increasing the activity or expression of Fgl2. Methods that 
induce immune coagulation may be useful in treating conditions which require an increase in 
coagulant activity. Such methods can also be used to induce fetal loss. 

Accordingly, the present invention provides a method of inducing immune 
coagulation comprising administering a nucleic acid sequence encoding Fgl2 or an Fgl2 
protein to an animal in need thereof. 

In one embodiment, the invention provides a method of inducing immune 
coagulation comprising administering (a) a nucleic acid molecule having a sequence shown 
m Figure 2 or 3 or a fragment thereof or (b) a protein having a sequence shown in Figure 5 or a 
20 fragment thereof. 

(C) Composition.: 

The antibodies, antisense oligonucleotides or inhibitors of Fgl2 identified 
using the methods described herein as well as the Fgl2 protein and nucleic acid sequences 
may be incorporated into a pharmaceutical composition containing the substance, alone or 
25 together with other active substances. 

In one aspect, the present invention provides a composition for use in 
inhxbiting procoagulant activity in an animal comprising (a) an antibody specific for a 
Fgl2 protein; (b) antisense nucleic acid molecules complimentary to Fgl2; or (c) an inhibitor 
identified using the method as described above in admixture with a suitable diluent or 
30 carrier. 

In another aspect, the present invention provides a composition for use in 
mducing procoagulant activity in an animal comprising a nucleic acid sequence encoding 
Fgl2 or an Fgl2 protein in admixture with a suitable diluent or carrier. 

Such pharmaceutical compositions can be for oral, topical, rectal 
35 parenteral, local, inhalant or subcutaneous, intradermal, intramuscular! intathecal' 
vaginal, transperitoneal, placental and intracerebral use. They can be in liquid, solid or 
semisolid form, for example pills, tablets, creams, gelatin capsules, capsules, suppositories 
soft gelatin capsules, gels, membranes, tubelets, solutions or suspensions. 
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The pharmaceutical compositions of the invention can be intended for 
administration to humans or animals. Dosages to be administered depend on individual 
needs, on the desired effect and on the chosen route of administration. 

The pharmaceutical compositions can be prepared by per se known methods 
5 for the preparation of pharmaceutically acceptable compositions which can be 
administered to patients, and such that an effective quantity of the active substance is 
combined in a mixture with a pharmaceutically acceptable vehicle. Suitable vehicles are 
described, for example, in Remington's Pharmaceutical Sciences (Remington's 
Pharmaceutical Sciences, Mack Publishing Company, Easton, Pa., USA 1985). 

10 On this basis, the pharmaceutical compositions include, albeit not 

exclusively, the active compound or substance in association with one or more 
pharmaceutically acceptable vehicles or diluents, and contained in buffered solutions with 
a suitable pH and iso-osmotic with the physiological fluids. The pharmaceutical 
compositions may additionally contain other agents such as adjuvants to enhance immune 

15 responsiveness. 

The antisense nucleic acid molecules of the invention may be used in gene 
therapy to inhibit immune procoaguiant activity. Recombinant molecules comprising an 
antisense sequence or oligonucleotide fragment thereof, may be directly introduced into cells 
or tissues in vivo using delivery vehicles such as retroviral vectors, adenoviral vectors and 

20 DNA virus vectors. They may also be introduced into cells in vivo using physical 
techniques such as microinjection and electroporation or chemical methods such as 
coprecipitation and incorporation of DNA into liposomes. Recombinant molecules may also 
be delivered in the form of an aerosol or by lavage. The antisense nucleic acid molecules of 
the invention may also be applied extracellularly such as by direct injection into cells. 

25 (D) Vaccines 

The present invention also contemplates a vaccine against a disease 
involving immune coagulation comprising an amount of an Fgl2 protein or peptide which is 
effective to induce an immune response against Fgl2. The term "Fgl2 protein or peptide" 
includes the full length protein (shown in Figure 5) and portions of the protein (peptides) 
30 that are useful in inducing an immune response. In one embodiment, the vaccine may 
comprise a peptide having amino acids 300 to 400 shown in Figure 5, preferably amino acids 
364 to 378. 

In one embodiment, the present invention provides a vaccine for preventing 
graft rejection comprising an effective amount of an Fgl2 protein or peptide in admixture 
35 with a suitable diluent or carrier. The vaccine may be useful in preventing graft rejection 
when administered prior to or concurrently with a transplant. 
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In another embodiment, the present invention provides a vaccine for 
preventing fetal loss comprising an effective amount of an Fgl2 protein or peptide in 
admixture with a suitable diluent or carrier. 

The vaccine may be a multivalent vaccine and additionally contain 
5 immunogens related to other diseases in a prophylactically or therapeutically effective 
manner. 

The vaccine may also comprise an immunologically acceptable carrier such 
as aqueous diluents, suspending aids, buffers, excipients, and one or more adjuvants known in 
the art. Examples of adjuvants include the lipid A portion of gram negative bacteria 

10 undotoxin, trehalose dimycolate of mycobacteria, the phospholipid iysoleathin, dimethyl 
dictadecyl ammonium bromide (DDA), linear polyoxypropylene-polyoxyethylene (POP- 
POE) block polymers and liposomes. The vaccine may also contain cytokines that can 
enhance the immune response including GM-CSF, IL-2, IL-12, TNF and IFNy. The vaccine 
may also contain preservatives such as sodium azide, thimersol, beta propiolactone, and 

15 binary ethyleneimine. 

The vaccines of the invention can be intended for administration to animals, 
including mammals, avian species, and fish; preferably humans and various other 
mammals, including bovines, equines, and swine. 

The vaccines of the invention may be administered in a convenient manner, 
20 such as intravenously, intramuscularly, subcutaneously, intraperitoneal^, intranasally or' 
orally. The dosage will depend on the nature of the disease, on the desired effect and on 
the chosen route of administration, and other factors known to persons skilled in the art. 

A vaccine prepared using the methods described herein may be tested in in 
vivo animal systems to confirm their efficacy in the prophylaxis or active immunization 
25 and treatment of the relevant disease and to determine appropriate dosages and routes of 
administration. 

The present invention also includes the use of the antibodies that bind the 
fgl2 proteins and portions thereof of the invention as a means of passive immunization. 

The present invention also includes DNA immunization with an Fgl2 gene or 
portion thereof. The Fgl2 gene may have the sequence shown in Figure 2 or 3 or 
SEQ.ID.NO,! or 3. A portion of an Fgl2 gene preferably includes a nucleic acid molecule 
encoding a peptide comprising the amino acid residues at positions 300 to 400 in Figure 5. 
2- frt-Wrro Testing and Ani mal Mnrf^ 

The utility of the inhibitors, antibodies, antisense nucleic acid molecules, 
35 Fgl2 protein and nucleic acid molecules and compositions of the invention may be confirmed 
in in vitro systems and animal model systems. For example, proliferation, transcription 
and/or expression of immune coagulants may be determined in one and two way mixed 
lymphocyte assays carried out in the presence or absence of antibodies The effect of a 



30 



BNSDOCID: <WO 9851335A1 I > 



WO 98/51335 



PCT/CA98/00475 



-15- 

substance on procoagulant activity associated with hepatitis may be tested in a murine 
model of fulminant hepatitis (MacPhee et al., 1985). 

Concordant and discordant xenotransplantation transplant models may also 
be used to confirm the utility of the substances, antibodies, antisense nucleic acid molecules, 
5 and compositions of the invention. For example, the following concordant and discordant 
models may be used: 

rodent model - concordant (Lewis rat to Balb/c mouse) 

rodent model - discordant (guinea pig to rat) (using vascularized 
heterotropic heart) 

10 primate model - discordant (guinea pig to rat) (using kidney transplant 

model) 

In concordant and discordant models for testing monoclonal antibodies the 
following protocol may be used. Recipient animals may receive about 100 |j.g of purified 
antibody two days prior to transplant and for 10 to 14 days after. Tissues may be examined 

15 for ability of monoclonal antibodies to prevent fibrin disposition, platelet adherence and 
cellular infiltration. Further testing can be carried out in porcine to primate 
xenotransplantation using DAF and non-DAF pigs as donors. For these tests animals may be 
given about 5 mg/ kg /animal /day of antibody. For concordant rodent studies animals may 
receive Neoral (10 mg/kg/i.m.) and/or Cyclophosphamide (40 mg/kg) in addition to the 

20 antibody. Control animals will receive an irrelevant antibody of similar isotope. In 
discordant transplants, in addition to the antibody, some of the animals may receive cobra 
venom factor and/or Neoral and cyclophosphamide. Pig to primate experiments may be 
conducted using similar protocols. 

The invention also provides methods for examining the function of the Fgl2 

25 protein encoded by the nucleic acid molecule of the invention. Cells, tissues, and non-human 
animals lacking in expression or partially lacking in expression of the protein may be 
developed using recombinant molecules of the invention having specific deletion or 
insertion mutations in the nucleic acid molecule of the invention. A recombinant, molecule 
may be used to inactivate or alter the endogenous gene by homologous recombination, and 

30 thereby create a deficient cell, tissue or animal. Such a mutant cell, tissue or animal may be 
used to define specific cell populations, developmental patterns and in vivo processes, 
normally dependent on the protein encoded by the nucleic acid molecule of the invention. 

To confirm the importance of the fgl2 protein in transplantation, an Fgl2 
knockout mouse can be prepared. By way of example, a targeted recombination strategy 

35 may be used to inactivate the endogenous fgl2 gene. A gene which introduces stop codons in 
all reading frames and abolishes the biological activity of the prothrombinase may be 
inserted into a genomic copy of the fibrinogen like protein. The mutated fragment may be 
introduced into embryonic stem cells and colonies may be selected for homologous 



BNSDOCID: <WO 9851335A1J_> 



10 



15 



20 



25 



30 



35 



WO 98/51335 vmsacrf . 

PCT/CA98/00475 

- 16- 

recombination with positive (neomycin)/negative(gaflcyclovir, thymidine kinase) 
resistance genes. To establish germ line transmission, two clones carrying the disrupted 
prothrombinase gene on one allele may be injected into blastocyts of C57/B16 mice and 
transferred into B6/SJL foster mothers. Chimeras may be mated to C7B1/6 mice and 
progeny analysed to detect animals homozygous for the mutation (prothombinase -/-). The 
effects of the mutation on immune response (alio and xeno transplantation, viral hepatitis) 
in comparison to non-mutated controls may be determined, and the survival and histologic 
pattern of disease may be analyzed. 
(3) DIAGNOSTIC APPT ir AT^> m 

The finding by the present inventor that Fgl2 is a direct prothrombinase 
involved in immune coagulation allows the detection of conditions involving an increase in 
Fgl2 prothrombinase. 

Accordingly, the present invention provides a method of detecting a 
condition associated with immune coagulation comprising assaying a sample for (a) a 
nucleic acid molecule encoding an Fgl2 protein or a fragment thereof or (b) an Fgl2 protein or 
a fragment thereof, 
(i) Nucleic acid molecules 

The nucleic acid molecules encoding Fgl2 or fragments thereof, allow those 
skilled in the art to construct nucleotide probes for use in the detection of nucleotide 
sequences encoding fg!2 or fragments thereof in samples, preferably biological samples such 
as cells, tissues and bodily fluids. The probes can be useful in detecting the presence of a 
condition associated with immune coagulation or monitoring the progress of such a 
condition. Accordingly, the present invention provides a method for detecting a nucleic acid 
molecules encoding Fgl2 comprising contacting the sample with a nucleotide probe capable 
of hybridizing with the nucleic acid molecule to form a hybridization product, under 
conditions which permit the formation of the hybridization product, and assaying for the 
hybridization product. 

Example of probes that may be used in the above method include fragments 
of the nucleic acid sequences shown in Figure 2 and 3 or SEQ.ID.NO.:l or 3. A nucleotide 
probe may be labelled with a detectable substance such as a radioactive label which 
provides for an adequate signal and has sufficient half-life such as 32P, 3H, 14C or the 
like. Other detectable substances which may be used include antigens that are recognized 
by a specific labelled antibody, fluorescent compounds, enzymes, antibodies specific for a 
labelled antigen, and chemiluminescence. An appropriate label may be selected having 
regard to the rate of hybridization and binding of the probe to the nucleic acid to be 
detected and the amount of nucleic acid available for hybridization. Labelled probes may 
be hybridized to nucleic acids on solid supports such as nitrocellulose filters or nylon 
membranes as generally described in Sambrook et al, 1989, Molecular Cloning, A Laboratory 
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Manual (2nd ed.). The nucleotide probes may be used to detect genes, preferably in human 
cells, that hybridize to the nucleic acid molecule of the present invention preferably, 
nucleic acid molecules which hybridize to the nucleic acid molecule of the invention under 
stringent hybridization conditions as described herein. 
5 Nucleic acid molecules encoding a Fgl2 protein can be selectively amplified 

in a sample using the polymerase chain reaction (PCR) methods and cDNA or genomic 
DNA. It is possible to design synthetic oligonucleotide primers from the nucleotide 
sequence shown in Figures 2 and Figure 3 for use in PCR. A nucleic acid can be amplified 
from cDNA or genomic DNA using oligonucleotide primers and standard PCR amplification 

10 techniques. The amplified nucleic acid can be cloned into an appropriate vector and 
characterized by DNA sequence analysis. cDNA may be prepared from mRNA, by 
isolating total cellular mRNA by a variety of techniques, for example, by using the 
guanidinium-thiocyanate extraction procedure of Chirgwin et al., Biochemistry, 18, 
5294-5299 (1979). cDNA is then synthesized from the mRNA using reverse transcriptase 

15 (for example, Moloney MLV reverse transcriptase available from Gibco/BRL, Bethesda, 
MD, or AMV reverse transcriptase available, from Seikagaku America, Inc., St. Petersburg, 
FL). 

(ii) Proteins 

The Fgl2 protein may be detected in a sample using antibodies that bind to 
20 the protein as described in detail above. Accordingly, the present invention provides a 
method for detecting a Fgl2 protein comprising contacting the sample with an antibody 
that binds to Fgl2 which is capable of being detected after it becomes bound to the Fgl2 in 
the sample. 

The binding of the antibodies to the Fgl2 protein may be detected using a 
25 variety of known techniques including ELISA, radioimmunoassay or histochemical tests. 
Thus, the antibodies may be used to quantify the amount of the protein in a sample in order 
to determine its role in particular cellular events or pathological states and to diagnose and 
treat such pathological states. 

In particular, the polyclonal and monoclonal antibodies against Fgl2 may 
30 be used in immuno-histochemical analyses, for example, at the cellular and sub-subcellular 
level, to detect a protein of the invention, to localise it to particular cells and tissues, and to 
specific subcellular locations, and to quantitate the level of expression. 

Cytochemical techniques known in the art for localizing antigens using 
light and electron microscopy may be used to detect a protein of the invention. Generally, 
35 an antibody specific for the protein may be labelled with a detectable substance as 
described herein and the protein may be localised in tissue based upon the presence of the 
detectable substance. 
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Indirect methods may also be employed in which the primary 
antigen-antibody reaction is amplified by the introduction of a second antibody, having 
specificity for the antibody reactive against the protein encoded by the nucleic acid 
molecule of the invention. 
5 4. FGL2 GENES AND PROTFTMS 

As hereinbefore mentioned, the present inventor has cloned and sequenced 
genomic hFgl2. In this regard, the entire genomic sequence as well as the sequence of the 
promoter region, shown in Figure 8, and the 3* UTR, shown in Figure 4, are included within 
the scope of the invention. 
10 Accordingly, in one embodiment the present invention provides an isolated 

nucleic acid molecule comprising (a) the sequence shown in Figure 8, where T can also be U; 
(b) nucleic acid sequences which have substantial sequence identity with (a); and (c) a 
fragment of (a) or (b). 

In another embodiment the present invention provides an isolated nucleic 
15 acid molecule comprising (a) the sequence shown in Figure 4, where T can also be U; (b) 
nucleic acid sequences which have substantial sequence identity with (a); and (c) a 
fragment of (a) or (b). 

The present invention also includes fragments of the nucleic acid sequences 

shown in Figure 2 or 3 or SEQ.ID.NO.:l or 3 which have particular utility in the methods 
20 and compositions described above. The fragments generally comprise a nucleic acid sequence 

having at least 15 bases which will hybridize to the sequences shown in Figures 2 and 3 or 

SEQ.ID.NO.:l or 3 under stringent hybridization conditions. 

Stringent hybridization conditions are those which are stringent enough to 

provide specificity, reduce the number of mismatches and yet are sufficiently flexible to 
25 allow formation of stable hybrids at an acceptable rate. Such conditions are known to those 

skilled in the art and are described, for example, in Sambrook, et al, (1989, Molecular 

Cloning, A Laboratory Manual, Cold Spring Harbor). By way of example only, stringent 

hybridization with short nucleotides may be carried out at 5-10 below the T m using high 

concentrations of probe such as 0.01-l.Opmole/mL 
30 Fragments of the nucleic acid molecules encoding an immunogenic portion of 

a human Fgl2 protein are particularly contemplated within the scope of the invention. 

Preferably, such fragments encode a portion of the human Fgl2 protein which portion binds 

with an affinity of at least about 10 6 L/mole to an antibody raised against human Fgl2. 

The present invention in particular contemplates nucleic acids encoding the amino acids at 
35 positions 300 to 400, preferably 364 to 378 in the amino acid sequence shown in Figure 5. 

The invention further includes nucleic acid molecules encoding truncations 

of the protein encoded by the human fgl2 gene, and analogs and homologs of the protein and 
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truncations thereof, as described herein. It will also be appreciated that variant forms of 
the nucleic acid molecules of the invention which arise by alternative splicing of an mRNA 
corresponding to a cDNA of the invention are encompassed by the invention. It is also 
contemplated that nucleic acid molecules of the invention will be prepared having 
5 mutations such as insertion or deletion mutations, e.g. nucleic acid molecules encoding 
analogs of the human Fgl2 protein. 

Further, it will be appreciated that the invention includes nucleic acid 
molecules comprising nucleic acid sequences having substantial sequence identity with the 
nucleic acid sequences shown in Figures 2, 4 and 8 and fragments thereof having at least 15 

10 bases which will hybridize to these sequences under stringent hybridization conditions. 
The term "sequences having substantial sequence identity" means those nucleic acid 
sequences which have slight or inconsequential sequence variations from the sequences 
disclosed in Figures 2 and 3, i.e. the sequences function in substantially the same manner to 
produce substantially the same activity as described herein for Fgl2. The variations may 

15 be attributable to local mutations or structural modifications. Nucleic acid sequences 
having substantial identity include nucleic acid sequences having at least 72%, preferably 
at least 75-95% identity with the nucleic acid sequences as shown in Figure 2 and Figure 3. 

Isolated and purified nucleic acid molecules encoding a protein having the 
activity of human Fgl2 as described herein, and having a sequence which differs from the 

20 nucleic acid sequence shown in Figure 2 and Figure 3 due to degeneracy in the genetic code are 
also within the scope of the invention. Such nucleic acids encode functionally equivalent 
proteins (e.g., a protein having human Fgl2 prothrombinase activity) but differ in sequence 
from the sequence of Figure 2 and Figure 3 due to degeneracy in the genetic code. 

DNA sequence polymorphisms within the nucleotide sequence of human 

25 FgI2 may result in silent mutations in the DNA which do not affect the encoded amino acid. 
However, DNA sequence polymorphisms may lead to changes in the amino acid sequences 
of human Fgl2 within a population. These variations in one or more nucleotides (up to about 
3-4% of the nucleotides) of the nucleic acids encoding proteins having the activity of human 
Fgl2 may exist among individuals within a population due to natural allelic variation. 

30 Such nucleotide variations and resulting amino acid polymorphisms are within the scope of 
the invention. 

The nucleic acid molecules of the invention can be used to isolate an Fgl2 
from other species. For example, a labelled nucleic acid probe based on all or part of the 
nucleic acid sequence shown in Figure 2 and 3 can be prepared, and used to screen an 
35 appropriate DNA library (e.g. a cDNA or genomic DNA library). Nucleic acids isolated 
by screening of a cDNA or genomic DNA library can be sequenced by standard techniques. 

RNA can be isolated by cloning a cDNA encoding a human Fgl2 protein into 
an appropriate vector which allows for transcription of the cDNA to produce an RNA 
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or portions of the Fgl2 protein may comprise an antigenic site that is capable of 
cross-reacting with antibodies raised against the Fgl2 protein whose sequence is shown in 
Figure 5. Therefore, immunogenic portions or fragments of human Fgl2 proteins are within 
the scope of the invention (e.g. amino acids 300 to 400 in Figure 5). Preferably the truncated 
5 protein or portion of the protein binds with an affinity of at least about 10 6 L/mole to an 
antibody raised against human Fgl2. 

At the amino tenninal end, the truncated proteins may have an amino group 
(-NH2), a hydrophobic group (for example, carbobenzoxyl, dansyl, or T-butyloxycarbonyl), 
an acetyl group, a 9-fluorenylmethoxy-carbonyl (PMOC) group, or a macromolecule 

10 including but not limited to lipid-fatty acid conjugates, polyethylene glycol, or 
carbohydrates. The truncated proteins may have a carboxyl group, an amido group, a 
T-butyloxycarbonyl group, or a macromolecule including lipid-fatty acid conjugates, 
polyethylene glycol, or carbohydrates at the carboxy terminal end. 

The proteins of the invention may also include analogs of human Fgl2 as 

15 shown in Figure 5 and /or truncations thereof as described herein, containing one or more 
amino acid substitutions, insertions, and /or deletions. Amino acid substitutions may be of a 
conserved or non-conserved nature. Conserved amino acid substitutions involve replacing 
one or more amino acids with amino acids of similar charge, size, and /or hydrophobicity 
characteristics. When only conserved substitutions are made the resulting analog should be 

20 functionally equivalent to human Fgl2 as described herein. Non-conserved substitutions 

v 

involve replacing one or more amino acids with one or more amino acids which possess 

dissimilar charge, size, and/or hydrophobicity characteristics. 

One or more amino acid insertions may be introduced into the amino acid 

sequence as shown in Figure 5. Amino acid insertions may consist of single amino acid 
25 residues or sequential amino acids ranging from 2 to 15 amino acids in length. For example, 

amino acid insertions may be used to destroy the prothrombinase activity of the protein. 

Deletions may consist of the removal of one or more amino acids, or discrete 

portions (e.g.amino acids) from the human Fgl2 amino acid sequence as shown in Figure 5. 

The deleted amino acids may or may not be contiguous. The lower limit length of the 
30 resulting analog with a deletion mutation is about 10 amino acids, preferably 100 amino 

acids. 

The proteins of the invention also include homologs of human Fgl2 as shown 
in Figure 5 and /or truncations thereof as described herein. Such homologs are proteins 
whose amino acid sequences are comprised of the amino acid sequences of human Fgl2 
35 regions from other species that hybridize under stringent hybridization conditions (see 
discussion of stringent hybridization conditions herein) with a probe used to obtain human 
Fgl2 as shown in Figure 5. It is anticipated that a protein comprising an amino acid 
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sequence which is at least 72% preferably 75 to 90% similar, with the amino a H 
shown in Figure 5 will exhibit prothrombinase activity. 

The invention also contemplates isoforms of the human F K 12 protein nf * 

inventus, but the ,soform has a different molecular structure Th„ ( 

^rrr.--r ■ 

. 

Hie protein encoded by nucteic acjd tovenH™, 
thereof, may be prepared using recombinant DNA methods Accost 
motecuies or me present tovenfion or a fragment thereof ^ 
turner to* „ approprlata ^ ^ " »«- ma .cn „n 

vtruses, so long ,s the vector is compatible with the host cell used. 

The inven.ion thera , ore conl Iales , „<„„, 
mvennon contotodng a nucleic acid molecule or me invention, or , h.gmen.I ^ J 2 
rtoceas„y eUmenU tor me transcriptton and transladon o f me 

rz ir T uon " ™ y * ^ • ~* - — - " 

Dacterial, fungal, vxral, mammalian, or insect genes Selection,,.* 

be readuy accomplished by one of ordinary skill in the art Examn.. < u ? 
en or.gtn „ f « plicalion , additional DNA restriction sites, enhance 

rr : taduc,bmty r - - — - - — ~ 

. 1 r *" '™ SC ' i '"" >n - «- elements may be 

suppbed by the native gen. and/or its flanking « gions . ^ 

7" " COmbtaa "' m< " e = utes <* *• "ay -Iso contain , « poner gene 

ncodmg . selectabte matker pro , eln whjch (adii(ates P S«e 

transformed „, touted * , racombinanl of « »' 

reporter genes are genes encodtog , ^toln such as P .g,„ ctosidasa ~ ^ 
*lor,m P he„.col, acety.-tmnsferase. «re„ y ,„c if erase. or an immunoglobulin J 
thereof such as the Fc portion of „ immunoglobulin preferablv laC T 
^ r gene is mon.tored by changes to ^—^^^IZ 
p.g.lactos.dase. chloramphenicol acetyl.anaferase. or fir e fl y lu cifera S e. This nTs » 
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possible to visualize and assay for expression of recombinant molecules of the invention and 
in particular to determine the effect of a mutation on expression and phenotype. 

Recombinant molecules can be introduced into host cells via transformation, 
transfection, infection, electroporation etc. Methods for transforming transacting, etc. host 
5 cells to express foreign DNA are well known in the art (see, e.g., Itakura et aL, U.S. Patent 
No. 4,704,362; Hinnen et aL, PNAS USA 75:1929-1933, 1978; Murray et aL, U.S. latent No. 
4,801,542; Upshall et aL, U.S. Patent No. 4,935,349; Hagen et aL, U.S. Patent No. 4,784,950; 
Axel et aL, U.S. Patent No. 4,399,216; Goeddel et aL, U.S. Patent No. 4,766,075; and 
Sambrook et al. Molecular Cloning A Laboratory Manual, 2nd edition, Cold Spring Harbor 
10 Laboratory Press, 1989, all of which are incorporated herein by reference). 

Suitable host cells include a wide variety of prokaryotic and eukaryotic 
host cells, including bacterial, mammalian, yeast or other fungi, viral, plant, or insect cells. 

The protein encoded by the nucleic acid molecule of the invention, or 
portions thereof, may be expressed in non-human transgenic animals such as, mice, rats, 
15 rabbits, sheep and pigs (see Hammer et al. (Nature 315:680-683, 1985), Palmiter et aL 
(Science 222:809-814, 1983), Brinster et al. (Proc Natl. Acad. Sci USA 82:44384442, 1985), 
Palmiter and Brinster (Cell. 41:343-345, 1985) and U.S. Patent No. 4,736,866). 

The proteins of the invention, and portions thereof may also be prepared by 
chemical synthesis using techniques well known in the chemistry of proteins such as solid 

20 phase synthesis (Merrifield, 1964, J. Am. Chem. Assoc. 85:2149-2154) or synthesis in 

v 

homogenous solution (Houbenweyl, 1987, Methods of Organic Chemistry, ed. E. Wansch, 
Vol. 15 I and II, Thieme, Stuttgart). 

The proteins of the invention may be conjugated with other molecules, such 
as proteins or polypeptides. This may be accomplished, for example, by the synthesis of 
25 N-terminal or C-terminal fusion proteins. Thus, fusion proteins may be prepared by fusing, 
through recombinant techniques, the N-terminal or C-terminal of the protein, and a 
selected protein with a desired biological function. The resultant fusion proteins contain 
the protein or a portion thereof fused to the selected protein. 

The following non-limiting examples are illustrative of the present 

30 invention: 

EX AMPL ES 

Example 1 

1. Cloning The Human Prothrombinase Gene (hfg!2): 

35 a) Screening the PAC library and verifying the clones 

Human genomic DNA from the liver was amplified by Polymerase Chain 
Reaction using primers specific to the human cDNA sequence obtained from GenBank, that 
corresponds to exon 2 of mouse fg!2 gene; the sense primer CAA AAG AAG CAG TGA GAC 
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Systems Inc. (St Lou*, Musouri). was screened using singte ampU con of aboul 300 

;t°:;r ta t ,hat was ™ £rom ,he — tcr 

verified by digesting the plasmid with Not 1 restriction enzvm. <r , 

(CHEF) gei electrophoresis , at 120 angle, 6 Volts 1-20 S(>m „Hc 

, 6 c ' ° VOICS > wu seconds ramp interval trp 

and run time of 18 hours. ' U i>x TBE ' 



10 

and run time of 18 hours, 
b) Preparing Sajj gA libmry 



The clone 6360 was chosen for the rest of the study because in a dot blot 
ana^sisitconsistentl ^l^l^^^oc,^^^^^^ 
15 (huflpl) at position 100 and anti-sense primer at position ATT GCC CTA TTA GAT^AC 
CAAT AC(huflp2)atpositionl400 toreducemeDNAmtoCen™^ 
which is a convenient si 2e range to wor k with, the 6360 clone £ di es under' 
sub-optim. conditions with the restriction enzyme Sau 3A (Canadian Life Burlington^ 
Canada). The appropriate digest condition was found by incubating 5 u K of DNA Z . 

Z tT 0 tlT SiZe ran8C ° f *• fra8mentS ° n 3 CHEF °* *■» conditions 
Te 6360 cTo T mterVa1 ' " 5 V ° ltS ' 0 ™* - d a - ^ of 16 hour, 

and fragments were extracted using the Gene Clean DMA •< ■ 

scte„ tiKC , MiS8i5Sausa , on,,,, % he ~: rrr 

pn^se Upp sala . Sweden, treatad BamH1 

the 5 « d Wlth gamma P32 by U5tag en2yme J* 

>» ^ these p^^^^^^^^J^ " *«J" 
35 C) Sequpnrjp g 

The J14 clone was sequenced by Sanger dideoxy chain termination method 
(Pharmacia, Uppsala, Sweden) and the appropriate primers Tho « 

L ,. vy F"ate primers. The sequence was read from 

the autoradiograph using the Helixx seouence r«^- 

6 eiixx sequence reading equipment (Helixx Technologies Inc., 
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Scarborough, Ontario). New primers are designed based on the outcomes of manual 
sequencing and the published cDNA sequence. 
Results and discussion of c loning hf g !2: 

The organization of the J14 clone is summarized in Figure 1. The coding 
5 region has been extensively analyzed and compared to the mouse gene. In order to gather 
insight into the functional properties of this gene, the protein sequence was predicted from 
the genomic sequence and compared to mouse fgl2 (direct prothrombinase) protein and other 
relevant coagulation proteases, 
i) The transcribed region: 

10 A reported cDNA sequence starts 35 bases upstream of the translation start 

site (Ruegg and Pytela, 1995). The first nucleotide of the reported cDNA is considered the 
putative transcription start site. In eukaryotes the transcription start site (+1) has a weak 
consensus of pyC-1 A+l NT/Apypy, where adenine at the third position is the transcription 
start site (Javahery et ah, 1994). The cytosine at -1 position is more conserved than the 

15 adenine at +1 position (Bucher, P., 1990; Bucher and Trifonov, 1986). In the hfgl2 cDNA, 
the first nucleotide is a cytosine, and the transcription initiation site does not comply to the 
above consensus. In the coding region there are long stretches of conserved sequences. In an 
alignment of exon I of fgl2 and hfgl2 there are gaps in the mouse sequence, these gaps 
correspond to the amino acids that are missing in the mouse protein (Figure 2). Note that in 

20 Figure 2, the 5 untranslated regions (UTR) of fgl2 and hfgl2 are not included. Most of the 

v ■ 

mismatches are at the third nucleotide of the codons, because of codon redundancy, these 
nucleotide difference do not translate to differences at the amino acid level. The second 
exon, which corresponds to the carboxyl end of the protein, is more conserved than exon 1 
(Figure 3). In Figure 3, exon 2 is included only until the translation stop site because the 

25 mouse and the human fgl2 sequences diverge after the translation stop site. The consensus 
for the 5 splice junction is A/CAG(-1)G(+1)TAAGT where cleavage occurs between -1 and +1 
(Breathnack and Chambon, 1981). This splice site consensus is observed in the human fgl2 
gene. The 3 splice site consensus is (py)nNpyAG(-l)G(+l) (Breathnack and Chambon, 
1981). In the human gene the 3 end sequence of the intron is conserved but not the exon 

30 sequence; hfgl2 has a thymidine instead of a guanosine. Except for an additional guanosine 
at position 14 of 5UTR of the genomic DNA, the coding regions of the genomic and the 
cDNA are identical until the last 39 nucleotides of the cDNA. A primer designed on this 
region, huflplS, does not hybridize to the 3 PACs. This region is not likely to be exon III 
because in mouse fgl2 there is no evidence for the presence of intron 2 and also, this region of 

35 hfgl2 does not have the consensus for intron splicing (Koyama et al., 1987). Figure 4 is the 
incompletely sequenced 3 UTR of hf gl2. 
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The hfg!2 protein is 439 amino acids long. The first 204 amino acids are 
coded by „ LB> 205th amino acid, a valine, is coded by both exon 1, one nucleotide, and 
exon 2, two nucleotide, The rest of the 234 amino acids are coded by exon 2. Tne human 
protem „ 7 amino acids longer than the mouse protein; the extra amino acids are coded by 
exon 1. Comparing the mouse and the human protein sequence, the carboxyl end is more 
conserved than the amino terminus (Figure 5). There are five glycosylate sites and every 
one of them are conserved in the mouse and human proteins (Figure 6).The amino terminus is 

10 ^ h r h K? re8i ° n0fthePr0tein - ™ er ^ be — thealamnesmpositionsn 
10 and 23 „ iughly hydrophobic. The amino acids between leucine at position 3 and serine at 
position 11 are moderately hydrophobic. Because of the short hydrophobic stretch of 
ammo ac ids, it is uncertain whether hfg!2 is a transmembrane protein or a secreted protein 
For the reasons given below, it is more likely to be a type II ectoprotein than a secreted 
protem. The transmembrane region tends to conform to a helical structure, which is 
suggested in Figure 7. Leucine, isoleucine, phenylalanine, and valine are classified as 
strong B sheet formers, yet in a highly nonpolar environment such as a lipid bilayer these 
residues will be forced to assume an alpha helical conformation in order to create a 'stable 
maxunally hydrogen bonded structure (Reithmeier and Deber, 1992). Above all there are 

20 I S1Sna „ PePtide CleaVaSC SUeS; fa 3 ^ P*P«*e> lavage occurs on the carboxyl side of 
the small aliphatic residues, with the most common cleavage site being alanine, (50%), 
followed by glycine (24%), serine (12%) and cysteine (8%) (Reithmeier and Deber 1992V It 
has been proposed that the orientation of membrane proteins is dependent upon differences 
m the charges of the residues flanking each side of the first hydrophobic segment. Basic 
residues tend to be found on the cytoplasmic side of the membrane, which is seen in hfg!2 
(Reithmeier and Deber, 1992). 

Based on the catalytic site, proteases are classified as serine, cysteine 
aspartate, or metallo proteases (Nduwimana et al., 1995). In their active form all 
essennal coagulation factors and their regulators are serine proteases; and they belong to 

30 1 ^ ^ SA ^ Ct 1991) - DFP < Diis °P"Pyl Huoro Phosphate) 

mh^on assays imply that fg,2, the mouse direct prothrombinase, is a serine protease 
(Levy et al., 1983). The predicted amino acid sequence also indicates that hfg!2 has a 
greater potential to be a serine protease instead of a cysteine protease (Tables 1 and 2) In 
hfg!2 there are no serines that are in the same context as the catalytic serine residues of the 
serme proteases of the coagulation cascade, GDSGG (Barrett and Rawlings, 1995; Rawlings 

35 and Barrett, 1994). Both hfg!2 and fg!2 could be clan SE serine protease, as in Table 2 
(Rawlings and Barrett, 1994). The fg!2 protein also has some similarity to dan 1 cysteine 
protease, as on Table 2. 
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After the cysteine at position 212, the rest of the carboxyl end of the protein 
consists of a domain homologous to the FREDs (Fibrinogen Related Domain) which is found 
on a number of different proteins with functional diversity. Some of these proteins are the 
three chains of fibrinogen, tenacin, ficolin, HFREP-1, etc (Ruegg and Pyteia, 1995; Koyama 
5 et ah; 1987; Doolittle, R.F., 1984). 

2. Characterization Of The Promoter Region: 
Method: 

The J14 clone contains about 1350 nucleotides upstream of the coding region 
hfgl2. This entire region was sequenced by Sanger dideoxy chain termination method 

10 (Phamacia, Uppsala, Sweden). The sequence was read from the autoradiograph using 
Helixx sequence reader (Helixx Technologies Inc., Scarborough, Ontario). Table 3 lists the 
primers used for sequencing this putative promoter region of hfgl2. The sequence was 
analyzed using the DNASIS for Windows, sequence analysis software (Hitachi Software 
Engineering America Ltd., San Bruno, CA) for putative transcription factor binding sites. 

15 Results and Discussion of Sequence Analysis of hfg!2 Putative Promoter Reg ion: 

The promoter region does not have a typical TATA box, TATAAAA, where 
the adenine in the second and sixth positions, and the thymidine in the third position are 
more conserved throughout all eukaryotic genes than the rest of the TATA box nucleotides 
(Bucher, P., 1990; Bucher and Trifonov, 1986). The hfgl2 gene has a TATA like sequence, 

20 TATTAAA, about 50 nucleotides upstream of the translation start site (Figures 8 and .9); a 

v ' ■ • 

typical TATA box is 25 to 30 nucleotides upstream of transcription start site (Bucher, P., 
1990; Bucher and Trifonov, 1986). As the TATA and its context are identical in mouse and 
human fgl2, this region is suggested to be of functional importance. 

An API site is located about 20 nucleotides from the TATA box (Figures 8 

25 and 9). The consensus for API motif is TGASTCA, where S is a guanine or a cy tosine. Except 
for the central S, cytosine in humans and guanine in mouse, the API site is identical in mouse 
and human direct prothrombinase genes. API is composed of dimers of proteins of the Fos 
and Jun proto-oncogene families. The Jun family members are DNA binding proteins; they 
bind to the API site as homodimers or as heterodimers with Fos members. Upon activation, 

30 Jun gets dephosphorilated at a site proximal to DNA binding domain and acquires its 
ability to bind DNA (Curran and Franza, 1988; Woodgett et al., 1995). Furthermore, the 
transactivating domains of Fos and Jun get phosphorilated and are able to interact with the 
transcription machinery (Woodgett et al, 1995). In certain genes such as tissue factor gene, 
the AP-1 is required for both constitutive and induced expression (Mackman et al., 1989; 

35 Moll et al., 1995). 

Interestingly, hfgl2 has 5 Nuclear Factor IL6, (NF IL6), binding sites. The 
consensus for this transcription factor binding site is T(T/G)NNGNAA(T/G). This region 
was first identified in the promoter of the IL6 gene; it is located about 350 nucleotides 
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upstrean, of fhe Option sfar, she and upregula.es U,e franacripdon o, fhe IL6 gene 
(Ata. , « al.. 1995 , to Wgl2 , ^ Hm Np „ binding ^ iocaKd ^ ^ nuc J^ 

com *. fra™l„i„ n „,„ site . NF IU belongs ,o C/EBP, CAAT Enhance, Binding P r „ ttta 
amdy „, facfora and a„ y o f fhe C/EBPs can bi „d ,o the above consensu,' 

sequence , (Wedel and Zieg.er-Heid.ro* 1,95>. The carboxy, end o f fhese prof.ins are 
conserved and obtain fhe DNA binding basic region and dbnecizing ,e„ci„e ^ region 

^Vc™" C ° n,ata • h "'™«*>*" - Ziegler-Hehbroclc 

1»5). C/EBP« „ responsible for timajpUm „ f adipocyte spedfe ^ ^ constitutjTO 

express™ of liver specific genes such as albumin and transferrin. c/EBPb and d play a role 
■n fhe inducdon of acufe pbase response genes „, fhe ,iv„ and cyfohine genes of 
macrophage, (A.ir, ., a.., „, 2; Wedel and Ziegler-Heifbrocx. 199S; Axir, and 
.Oshnno.o. ,„ 2 , C/EBPb or NF IU mPNA level is rapidly induced in Ure macrophages a, 
a resul, of cyfoldne inducdon. Afco, «he level of C/EBP, and b seen, ,o be inversely relafed 

C/EBP " r Aki " ■»-* - Of .he appropriafe 

C/EBPs may mfluence fhe expression „, hfglZ fa ^ g ^ 

.s found » fhe CCAAT box of facfor ,x gene which indices fhe importance o, fhis cis 
element (Peterson et al., 1990). 

TCF-l (T Cell Factor i) binds to the A/T A/T CAAAG motif, The expression 
of thus transcription factor appears to be completely restricted to the T cell lineage and is 
confined to the nucleus (Castrop et al., 1995; Verbeek et al. 1995). The DNASIS software 
package has selected 10 TCP 1 binding sites in the promoter region of hfgI2 gene The 
T^ 61106 ^ ^ binding motifs could be responsible for the reported constitutive expression 
of th,s gene in T cells (Ruegg and Pytela, 1995; Koyama et al., 1987). 

Members of the ets 1 proto-oncogene family binds to the PEAS domain 

19^7?^ ACHVat ° r * WWCh ^ 3 C ° nSenSUS ~*«« AGGAAG <** - al., 
1992; Wasylyk et al., 1990). There is a PEA3 site about 1200 bp from the translation start 

Ppirr 68 , 8 " d ^ ^ * 6VidenCe *« COrP ° ratiVe l — «*- API and 

(WaSylyk 6t 3l - 199 °>- Some of Promoters with PEA3 motifs can be grouped 
-cording to the type of inducers which activate their transcription i) acute phase response 
") gamma interferon and iii) mitogens and oncogenes (Xin et al., 1992). As fg!2 gene 
expression is induced by viral infection, hfgl2 gene product could also be an acute phase 
response protein. The presence of many putative bHLH (Basic Helix Loop Helix) domains 
wuh the consensus of CAXXTG, may imply that this gene is under the influence of many' 
DNA banding transcription activators (Murre et al., 1994). These transcription activator 
protems contain a region of mainly basic residues that allows the helix-loop-helix proteins 
to band DNA. The second region characterized by mainly hydrophobic residues, the HLH 
domaxn, allows these proteins to interact and form either homo or hetero dimers (Murre et 
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3. Sizing the hfgl2 Intron by PCR: 
Method : 

Intron 1 was amplified by PCR using the primer combinations huflp3 with 6, 
and huflp 5 with 6 (Table 3). As templates for amplification J14, 6359, 6360^ and 6361 clones 
5 were used. As mentioned above, 6359, 6360, and 6361 are the PAC clones that contain hfgl2, 
and J14 is a subclone of 6360 in Bluescript II vector (Strategene). The reactions were 
performed in a 50 ul total volume containing 25p moles of each primers, 200 p M each dNTP, 
IX PCR, 3 or 5mM MgC12, and 2.5 U of Taq Polymerase (Canadian Life, Burlington, 
Canada). The reaction was subjected to denaturing at 95°C for 5 minutes, followed by 30 
10 cycles of 1 minute denaturing at 95°C, 1 minute annealing at 60°C, and 2 minute extension at 
72°C. The PCR products were electrophoresed in 0.8% agarose, 0.5X TBE, and 0.5ug/ml 
ethidium bromide. 

Results and Discussion of Sizing Hfgl2 Intron: 

A 2800bp amplicon was synthesized when the primer set huflp 3 and 6 was 
15 used. When huflp 5 and 6 were used the size of the amplicon was 2400 bp. Subtracting the 

exonic region, intron 1 is about 2200 bp, which is also observed in mouse (Koyama et al., 

1987). As mentioned earlier this intron of human fgl2 has the consensus for intron splicing. 

The consensus for the 5 splice junction is A/CAG(-1)G(+1)TAAGT where cleavage occurs 

between -1 and +1 (Breathnach and Chambon, 1981). This splice site consensus is observed in 
20 human fgl2 gene. The 3 splice site consensus is (py)nNpyAG(-l)G(+l) (Breathnach and 

Chambon, 1981). In the human gene the 3 end sequence of the intron is conserved but not the 

exonic sequence; hfgl2 has a thymidine instead of a guanosine. 

4. RT-PCR of hf gl2 from human small intestine total RNA: 
Method: 

25 In order to synthesize the first strand cDNA from human small intestine 

total RNA 4 ng of RNA (Bio/Can Scientific, Mississauga, Canada), 2^1 of Random hexamer 
at stock concentration of 1 ng/ul (Pharmacia, Uppsala, Sweden), 20U of RNAse Inhibitor 
(Pharmacia, Uppsala, Sweden), and DEPC treated water to bring the volume to 12 \xl, were 
added together and incubated at 65°C for 5 minutes and quickly chilled on ice. Then ImM 

30 each dNTP (1 ul of 20mM stock), lOmM DTT (2 ul of 0.1M DTT), 4 ul of 5X 1st strand buffer 
(Canadian Life, Burlington, Canada), and 200U MMLV-RTase buffer (Canadian Life, 
Burlington, Canada) were incubated at 37°C for 1.5 hours. The reaction mix was heated at 
95°C for 5 minutes and diluted 5 fold with 80 ul of DEPC treated water. 

Polymerase Chain Reaction was performed in a 50 ^ll reaction volume, with 

35 10 ul of the above RT mix, 2.5 ul of lOpmol/fil of sense and anti-sense primers, 0.2mM dNTP, 
IX Taq buffer, 3mM MgCl 2 , and 5U of Taq Polymerase (Canadian Life, Burlington, 
Canada). The primer sets used for the PCR reaction were huflpl and 2, huflpl and 6, huflp5 
and 2, huflpl3 and 26, huilpl3 and 28, huflp!5 and 26, huflplS and 28, and huflpl 1 and 28. 
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The reaction conditions were 95°C for 5 minutes, and 30 cycles of 95*C for 1 minute 47 or 57°C 
(depending on the primer set) for 1 minute, and 72°C for 2 minutes. The PGR products were 
electrophoresed in 0.8% agarose, 0.5X TBE, and 0.5 ug/ml of ethidium bromide. 

Bfisults and disassian of FT-pcr on h„ ma n cma .i int estinp 

5 Ruegg and Pytela had reported the cloning of cDNA, from human small 

mtestine, which is homologous to the gene coding for mouse fibrinogen like protein (Ruegg 
and Pytela, 1995). The RT-PCR results shows that there is indeed hf g 12 expressed 
constitutively in human small intestine. The primers hufl P 26 and 28 are located down 
stream of primers hufl P 13 and 15; and all 4 primers are located in the 3UTR. As the primer 
10 combinations hufl P 13 and 26, and hufl P 13 and 28 produce amplicons, it shows that the 3 end 
of the J14 clone is indeed part of an exon. As huflplS does not synthesize an amplicon with 
anusense primers, the last 39 nucleotides reported by Ruegg and Pytela must be a cloning 
artifact. 6 

5. Restriction mapping the PAC clones: 

15 Methods- 

In order to find the appropriate restriction enzymes, the PAC clones 6359, 
6360, and 6361 were restriction digested with both frequent and infrequent cutters, namely 
EcoRl, HindHI, BamHI, Bglll, PvuII, Kpnl, Seal, Xbal, Hindi, EcoRV, Smal PstI Sail 
Ncol, NotI, Mlul, Bpull021, Bgll, SstI, Xhol, Clal, Sfil, and SacII. The final mapping was' 
performed with the infrequently cutting restriction enzymes Notl, Smal, and Sail and 
w.th the frequently cutting enzymes EcoRI, HindHI, PstI, and PvuII. Because the above 
PAC clones did not have any internal Notl site, they were digested with Smal and Sail 
separately, and along with Notl; this facilitates the process of mapping. In all restriction 
dxgestions, about 2 ug of DNA was used in 20ul volume, with the appropriate restriction 
enzyme. For the double digests, the DNA was digested overnight with Notl in a 10ul 
reachon volume, and on the following day with Sail or Smal in a 20ul volume under 
appropriate buffer conditions. After digesting with infrequent cutters, the DNA was 
subjected to CHEF gel electrophoresis. For best results, the run conditions were found to be 
120 angle, 6 volts, 1-10 second ramp interval, 2.7 liters of 0.5X TBE buffer, 250 ml of 1% 
* agarose (SeaKemMe), and run time of 22 hours. After digesting the DNA with frequent 
cutters, the DNA was subjected to regular gel electrophoresis, at 30volts, for about 50 hours 
in 0.5X TBE, and in 0.7% agarose. 
Results and discussion of r^frrh on mappin g- 

Figure 10A is an example of gel electrophoresis of PAC clones on CHEF 
apparatus, after digesting with infrequent cutters. Figure 10B is an example of regular gel 
electrophoresis of PAC clones after cutting with frequent cutters. These clones must have a 
high C + G content because even the rare cutters digest the clones quite frequently these 
enzymes recognize longer sequences that also have a high G + C content. Figure 11 is a 



BNSOOCID: <WO 9851335A1J_> 



WO 98/51335 




PCT/CA98/00475 



-31 - 



restriction map of the PAC clones. The presence of a Smal site within the hfgl2 gene 
hastened the process of mapping hfgI2 within the PAC clones. The approximate sizes of 
the 3 PAC clones, 6359, 6360, and 6361 are 159 kb, 139 kb, and 116 kb, respectively. The most 
accurately restriction mapped clone is 6360. The presence of a large number of Sail and 
5 Smal sites has limited the accuracy of mapping the clones 6359 and 6361. Figure 11 shows 
that the orientation of the insert in 6359 is opposite to that of 6360 and 6361. 
Transient expression of hf gl2: 

The protein sequence homology between fgl2 and hfgl2 suggests that hfgl2 
also codes for a direct prothrombinase. A prototype has been developed to synthesize the 

10 cDNA for hfgl2 that can be used for expression studies. Human small intestine total RNA 
(Bio/Can Scientific, Mississauga, Canada) is being used as the template for first strand 
synthesis and random hexamers (Pharmacia, Uppsala, Sweden) are used as primers. For 
the PCR reaction huflp29 and 30 are used as primers. The PCR product will be cloned into 
the vector PCR2.1 (Invitrogen, San Diego, CA). The insert will be rescued from the vector 

15 using the restriction enzyme EcoRl. This insert, containing the coding region of hfgl2, will 
be cloned into the EcoRl site of the vector pcDNA 3.1-(his,myc) (Invitrogen, San Diego, 
CA). In order to increase the transient transfectiori efficiency, the vector will be linearized 
and transfected into COS cell, using Up of ec tin. The cells will be initially screened using 
the standard procoagulant assay. Then coagulation assays will be performed in factor 

20 deficient plasma to see if they carry the potential to exhibit direct prothrombiriase 

v 

activity. Finally, prothrombin cleaving assays will be performed, in presence of anti tissue 
factor and anti factor X, by monitoring the cleavage of radio active iodine labelled 
prothrombin. 

Northern Blot of human small intestine total RNA: 

25 25 |ig of human small intestine total RNA RNA (Bio/Can Scientific, 

Mississauga, Canada) is run on an agarose gel, transferred to nylon membrane, and probed 
with exon 1 of hfgl2 and GABDH, separately. This assay is performed to identify the size 
of hfgl2 mRNA, and also to detect whether there are more than one species of mRNA for 
this gene. 

30 Example 2 

PREVENTION OF GRAFT REJECTION BY ANTIBODIES TO FGL2 
(a) Allograft 

In order to study the ability of monoclonal antibodies to rodent fgl2 to 
prevent allograft rejection, heterotopic auxiliary small intestinal transplants were 
35 undertaken using intestines from donor Lewis Brown Norway Fl (LBNF1) and recipient 
Lewis rats. The procedures followed for the operation have been described previously 
(Effects of Cyclosporine and Cyclosporine Metabolites in Experimental Small Intestinal 
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Transplantation, P.C.W. Kin, 2. Cohen, P.Y. Wong, E. Cole J Cullen K „■ 
Transplantation 1990;49:1043.1050) ^ * * 

Heterotopic auxiliary small transplan J on J* ™* 

environment with a modification nf «, , " 3 SteriIe 

(Monchik, G.J., RusseT P tr f ^ * and Russel 

m T Transplantation of Small Bowel in the Rat- twh • , , 

10 Immunological Considerations, Surgery 197i;70:633). ^ ^ 

Rats were divided into 4 groups: 
Group I n=5; received no treatment 

Group n n =5; received 7.5 mg/kg of CsA on day 1 

Group m received 1 mg/kg of monoclonal antibody to fgl2 

15 Group IV re c e i ve d 1 subcutaneous injection of CsA (75 m <r,v , , , 
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annooaies to fgl2 had mcreased survival and by day 14 60% n/*\ „f >u 
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- no «rr ^irrr^r r ^ 
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of their grafts on day j, showed ^ >"> <S B ■""™« »° analysts 
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Livers perfused with normal mouse IgGl and albumin became dark, stiff 
with area of fibrinoid necrosis within 10 minutes and by 30 minutes blood could not be 
perfused into these livers. In contrast livers perfused with blood to which antibody to fgl2 
had been added appeared morphologically normal, perfusion pressures remained normal 
5 and perfusion was continued for the full 120 minutes after which the livers were harvested 
and examined by routine histology and electron microscopy. In the livers from groups i and 
2 serum alanine transaminase (ALT) levels rose precipitously from a baseline of 45 IU/L to 
12,400 IU/L at 20 minutes increasing to 18,700 IU/L at 30 minutes when the livers were 
removed from the perfusion device. In contrast serum ALT levels in livers from group 3 

10 remained at near normal: ALT 55 IU/L at 20 minutes; 68 IU/L at 90 minutes and 90 IU /L at 
120 minutes. Histology from the livers from groups 1 and 2 showed marked areas of necrosis 
and hemorrhage with dense intrasinusoidal fibrin deposits. Electron micrographs showed 
platelet adherence, fibrin deposits and endothelial cell destruction. In contrast, liver 
architecture appeared near normal in livers from group 3 with only small amount of 

15 platelet and fibrin deposits. 

These results demonstrate that antibody to fgl2 prothrombinase can prevent 
hyperacute xeno graft rejection. 
Example 3 

Induction of FgI2 Promoter by XenoSera 
20 MATERIALS AND METHODS: 
Vector Constructs 

Restriction enzymes used to create promoter constructs were obtained from 
GIBCO BRL, Life Technologies, Grand Island, N.Y., USA. All plasmids were purified using 
Qiagen Maxiprep kits, and grown in DH5 E. coli bacteria (GIBCO BRL). 

25 DNA from -3.5kb/+9bp and -1.3kb/+9bp fgl-2 promoter region pGL-2-Basic 

luciferase constructs (pL-3500, pL-1300) was obtained from clones previously constructed in 
Dr. Levy's lab (unpublished data). Additional 5' truncation series plasmids and the 3* 
pL3*274 luciferase vector were constructed first using PCR, followed by cloning into a PCR2.1 
piasmid (Invitrogen). Specific portions of the pL-3500 clone were amplified at 35 cycles 

30 performed at 95 C for 1 min, 58 C for 1 min, 72 C for 2 min. The downstream 3* reverse primer, 
present in pGL2-Basic, was fixed for all 5* truncations and was 5*-GAA ATA CAA AAA 
CCG CAG AAG G-3' (Promega). The upstream primer used to construct pL-995 was 5TCT 
TGG GAA ATC TGG TTA GAG-3. The upstream primer for pL-681 was 5 -GAG CTG AGT 
GAT GGG GAA GGA-3'. The upstream primer for pL-294 was 5 -GGG CAC TGG TAT TAC 

35 AAC TGT-3', and the 5' primer for pL-119 was 5-CTC CTC CTG TGT GGC GTC TGA-3*. The 
fixed 5' forward primer for the 3 f truncation was 5*-GGA TAA GGA GGG CAG GGT GAA-3'. 
The downstream antisense primer for pL3*274 was 5'-ACA GTT GTA ATA CCA GTG CCC-3\ 
Following PCR, PCR products were ligated and cloned into the PCR2.1 vector. PCR2.1 
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Transfection Assays (Luciferase and fl-Gal Assays) 

Protein Extraction: Following serum stimulation, the cells were harvested for protein 
extraction. The cells were first washed once with 2 ml of PBS (GIBCO BRL) and then lysed 
with 200ul of reporter lysis buffer (Analytical Luminescence Laboratory, MI, USA). 
5 Culture plates were kept on ice, and the cells were scraped and collected into 1.5 ml 
Eppendorf tubes. These extracts were stored at -70 C On the day of the transfection assays, 
cell lysates under went three freeze and thaw cycles from liquid Nitrogen to 37 C to help 
release intracellular protein. The protein extracts were then centrifuged for 6 min at 14000 
rpm and 4 C to pellet cellular debris. The supernatants containing fl-galactosidase and 

10 luciferase were kept on ice until use in the transfection assays. 

fl-Galactosidase (fl-gal) Assay: For each sample assayed, 3^1 of 100X Mg solution (0.1M 
MgC12, 4.5M fl-mercaptoethanol) was mixed with 33jll1 of 2X O-nitrophenyl fl-D-Galacto 
pyranoside (Sigma Chemical Co., St. Louis, Mo., USA), 30^1 of cell extract and 0.1M sodium 
phosphate (41% w/v 0.2M Na2HP04 2H20, 9% w/v 0.2M NaH2P04 2H20 in 50% w/v 

15 H20) in a 96 well microtiter plate (Costar). The reaction was incubated at 37 C for 30 min, 
and the optical density was read at 414. nm using a microtiter spectrophotometer. 
Background fl-gal was determined using a lysis buffer control and was subtracted from the 
other samples. The fl-gal assay was used to standardize for transfection efficiency. 
Luciferase Assay: Cell extracts were assayed for luciferase activity using a MonoLight 

20 2010C luminometer (Analytical Luminescence Laboratory, MI, USA). The luciferase 

v 

reagents were allowed to thaw to room temperature from -20 C. Then 30fal of protein extract 
was added to 20ul of IX Coenzyme A (Sigma) in a 10ml luminometer cuvette (Analytical 
Luminescence Laboratory, MI, USA) which was loaded into the luminometer. lOOul of ImM 
D-luciferin (Analytical Luminescence Laboratory, MI, USA) and lOOul of luciferase lysis 

25 buffer (30mM Tricine, 3mM ATP, 15mM MgS04, lOmM DTT) are then injected automatically 
by the luminometer. Light released was measured over a 10 second period. The pGL2- 
Enhancer vector (Promega) was used as a positive control and the pGL2-Basic vector was 
used as a negative control. Output data is expressed in raw luciferase units (RLU). 
Normalized Luciferase data was obtained by dividing the RLU by the fl-gal absorbance 

30 and then subtracting off the pGL2-Basic net background luminescence. 
Statistical Analysis: 

Quantitative data were expressed as means ± standard deviations. 
Statistical analysis was carried out using the student's t-test, and a P value of less than 0.02 
was considered statistically significant. 
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Fetal Bovine Serum Induction is localized to the first 119 bp upstream of the 
transcription Initiation Site. 

To map the position in the fgl-2 promoter region which responds to 
xenoserum, plasmids with sequential 5' truncations of the promoter were constructed (see 
5 Figure 13). Each construct was transfected into SVEC4-10 cells which were either serum 
induced with 20% FBS or not induced (DMEM only). The fold increase over the serum free 
conditions for each construct was then calculated and expressed as a percentage increase. 
The results are summarized in Figure 16. pL-3500, containing 3.5kbp upstream of the 
transcription initiation site, was inducible to about 215% (a 2.15 fold induction) of the 
10 corresponding non-induced samples. Deletion of the promoter region between -3500 and - 
1300 led to an almost 2 fold increase in luciferase induction, suggesting that this region 
might bind to regulatory factors which inhibit xenoserum induced transcription. Constructs 
with sequential 5' truncations of the fgl-2 promoter region (pL-1300, pL-986, pL-681, pL-294, 
pL-119) down to nucleotide -119 all were induced to maximal levels (about 350% of non- 
15 induced samples) by FBS. Thus, only the first 119 bp upstream of the transcription 
initiation site of fgl-2 were necessary to maintain optimal induction of fgl-2 transcription 
by FBS. This observation indicates that there are important DNA sequence elements in 
this region which are responsible for fgl-2 promoter induction by xenoserum. Most notably, 
this region of the promoter contains a predicted TATA box at -32, an AP-1 binding site (5*- 
20 TGAGTCAG-3') at -51, and an SP1 binding site (5'-CCGCCC-3') at -79 (see Figurel7E). 
When the first 274 bp upstream of the transcription initiation site were deleted (pL3'274), 
no induction of luciferase activity by FBS was obtained. This plasmid reinforces the 
importance of the proximal promoter region in FBS induction. 
DISCUSSION 

25 The above results suggest that a 1.3 kb portion of the fgl-2 promoter region is 

selectively induced in ECs by xenoserum in a dose dependent manner after 8-10 hours of 
induction (Figure 14, Figure 15). The selective xenoserum induction observed in this study 
may be as a result of a number of possibilities. One possibility is that the selective 
induction is mediated through enoreactive natural antibodies (XNAs). According to this 

30 view, the autologous C3H serum would not significantly induce fgl-2 promoter activity 
because it lacks XNAs capable of binding to its EC surface. Insignificant XNA binding 
would lead to little or no stimulus delivered into the cell to activate fgl-2 transcription. 
All four xenosera (FBS, pig, rat, human) are known to contain XNAs to various epitopes, 
some unidentified, on murine ECs which might mediate the fgl-2 promoter activation seen 

35 in this study. It is interesting to point out that the most phyiogenetically distant 
xenoserum used, and the only one which contains XNA to Gal l-3Gal (the human serum), 
yielded the lowest transcriptional induction from the fgl-2 promoter. This suggests that 
fgl-2 promoter induction by xenoserum was probably not caused by XNAs to Gal l-3Gal in 
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and Promotion of Tumor Necrosis Alpha (TNF-ct) Releases a Mechanism Triggering 
Resorptions in Mice, American Journal of Reproductive Immunology 1995;33:74-80). 

Exposure to mice to crowded housing conditions, daily handling, forced 
swimming, loud noise, heat, bright light and physical restraint have been shown to have a 
5 deleterious effect on pregnancy outcome in rodents. The type of stress and its effect appears 
strain dependent. In this CBA/J x DBA/2J matings, ultrasonic sound has been shown to 
elevate the fetal loss rate. On examination of uteri, it has been shown that a strong 
pathogenic feature of induced fetal loss is the presence of fibrin deposits. 

Therefore, studies were undertaken to determine the efficacy of the 

10 monoclonal antibody to fgl2 and its ability to prevent fetal resorption and fetal loss. 

The methodology has been well defined. Briefly, after overnight 
cohabitation of 6-8 week old females (CBA/J) to (DBA/2J) males, the females with 
vaginal plugs were segregated and assigned to receive no treatment or 10 ug of monoclonal 
antibody to fgl2 IV daily for 10 days. Both groups of animals (n=10 per group) were 

15 subjected to stress which consisted of exposure to ultrasonic sound stress for a battery 
powered rodent repellant device. On day 13.5 of pregnancy, the females were euthanized 
by cervical dislocation, uteri were removed and opened and examined for the total number 
of implantations in a number of resorbing sites recorded. 

The results are shown in Figure 18. Animals which had not been treated 

20 had greater than 70% resorbing sites with less than 30% implantations. In contrast, the 
animals that had received daily injections of the monoclonal antibodies had less than 10% 
resorbing sites with 90% implantation. This reduction in fetal loss rate was statistically 
significant at p<0.001. Furthermore, on analysis of uteri in the non-treated animals, there 
were dense fibrin deposits where these were not detected in animals that had been treated 

25 with the monoclonal antibodies. 
Example 5 

Monoclonal Antibodies To Fgl2 As Treatment F or Spontaneous Fetal Loss And Fetal Loss 
Induced By TNF-oc And v-INTERFERON 

Studies were done to investigate the potential usefulness of monoclonal 
30 antibody to fgl2 prothrombinase in reducing the risk of spontaneous fetal loss and fetal loss 
induced by TNF-cc and 7-interferon in DBA/2-mated CBA/J mice. 

To study of the role of monoclonal antibody to fgl2 prothrombinase in fetal 
loss, the roles of TNF-ct and 7-interferon, NK cells, and macrophages in causing fetal loss 
were directly tested using in vivo cell depletion techniques and mice deficient in the 
35 response to interferon. 

Cytokines TNF-a and y-interferon play an important role in fetal loss as 
their administration increases the fetal loss risk and specific antagonists decrease the fetal 
loss risk (Chaouat, G., et al., J. Reprod. Fert. 89:447 (1990); Arck, P.C, et aL, Amer. J. 
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of F4/80 in PBS for 30 minutes, and binding was detected using peroxidase-streptavidin 
with biotin-labelled anti-rat IgG2b second antibody (Secrotec) (Kachkache, M. et al., Biol. 
Reprod. 45:860 (1991)). 

Four to ten mated mice per treatment group were used. The significance of 
5 differences in the pooled resorption rate was tested by c 2 of Fisher's Exact test where 
appropriate. 
Results and Discussion 

NK and macrophage depletion and fetal loss 

Experiment 1, Table 4, shows that ip injection of TNF-ct boosted the fetal loss rate of 
10 DBA/2-mated CBA/J mice in a dose dependent manner. If the mice had received 
anti-asialoGMl antibody treatment, the background rate of fetal loss decreased, as 
expected (Clark, D.A., Crit. Rev. Immunol. 11:215 (1991); Clark, D.A. et al., Ann. New York 
Acad. Sci, 626:524 (1990); Chaouat, G. et al., J. Reprod. Fert. 89:447 (1990)), and TNF-ano 
longer had a significant effect. These data supported the model TNF-oc -> NK -► activated 
15 NK - kill embryo. To ensure adequate levels of endogenous macrophage-derived TNF-oc, 
we repeated the experiment and added g-interferon. Experiment 2, shows that y-interferon 
alone boosted the fetal loss rate in PBS-pretreated mice to the level achieved with TNF-a, 
and addition of TNF-a had no significant additional effect. In NK cell-depleted mice, 
g-interferon failed to boost fetal losses. This suggested the model y-interferon -> 

20 macrophages activated to produce NO embryo death was not correct. However, when 

v ■ 

y-interferon and TNF-a were administered together, more than 80% of the implanted 
embryos aborted. This suggested an obligatory synergy/ co-dependence; in NK cell depleted 
mice, TNF-a does not work because the NK cell source of y-interferon has been eliminated, 
and y-interferon fails because macrophages dependent on NK cell-derived y-interferon, 

25 have stopped producing TNF-a, an the ip injected cytokine does not stimulate TNF-a 
production quickly enough such that both cytokines are present simultaneously. A direct 
NK or macrophage killing mechanism seemed unlikely to explain fetal losses. To further 
test this idea, the experiment was repeated using macrophage-depleted mice. Experiment 
3, shows that macrophage depletion reduced the fetal loss rate. It can be seen that 

30 macrophage depletion had no significant effect on the 80% fetal loss rate produced by 
injecting TNF-a + y-interferon. Tissue staining for F4/80+ macrophages confirmed the silica 
treatment had been effective and the cytokine treatment did not cause a macrophage 
infiltration (data not shown). TNF-a + y-interferon may act synergistically to suppress 
production of essential gestational hormones by the ovary (Teranova, P.F. and V.M. Rice, 

35 Reprod. Immunol. 37:50 (1997)) and such an inhibition could cause fetal losses (Deansly, R., 
J. Reprod. FertiL 35:183 (1973); Kaplanski G. et al., J. Immunol. 158:5435 (1997); Michael, 
S.D. et al. Biol. Reprod. 12:400 (1975)). However, ovarian inhibition should have caused 
100% fetal losses (Deansly, R. J. Reprod. FertiL 35:183 (1973)). Further, when we gave 



BNSDOCID: <WO 9851335A1_I_> 



35 



WO 98/51335 

PCT/CA98/00475 

-42- 

hormone replacement therapy as described above (Michael S D et al R' , p 

there was no effect on either the backgroid ^1^'^ T< 

fetal loss produced bv 2000 tkw ™ hlgh rate of 
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Thus, it has been found in this study that neither NK cells nor macrophages 
are required for fetal loss, that cytokine-dependent fetal loss in CBA x DBA/2 mice is 
mediated by the procoagulant fgl2 prothombinase, that the cytokines act on the mother 
and not on embryonic trophobiast, and that the embryo dies from ischemia due to activation 
5 of vascular endothelial cell procoagulant fgl2 which causes thrombosis. The present 
inventor has demonstrated that treatment of DBA/2-mated CBA/J mice with antibody to 
flg2 prothombinase reduces the background risk of fetal loss and almost completely 
prevents fetal loss induced by TNF-a + y-interferon. 
Example 6 

10 Expression of fgl2 prothrombinase using a baculovirus expression system 

The example demonstrates that the fgl2 protein may be expressed using a 
baculovirus expression system. 

cDNA of murine fgl2 was subcloned into the vector pBlueBacHis2A. This 
was then used to generate a recombinant baculovirus by homologous recombination with the 

15 wild type baculovirus AcMNPV. By infecting insect cells (Sf9 or High 5) with the 
recombinant virus, a fusion mfgl2 protein with six histidine residues followed by an 
enterokinase site at the N-terminus was expressed. The lysate from High 5 cells infected 
with the recombinant virus was analyzed for the presence of mfgl2 protein by Western blot 
using the polyclonal rabbit anti-mouse fgl2 antibody. Uninfected High 5 cells and those 

20 infected with wild type AcMNPV were used as controls in all studies. The conditions for 
protein expression were optimized (see Results section) and the fusion protein was purified 
using the ProBond resin, which contains nickel for binding the histidine residues. 

Recombinant viruses containing the mfgl2 gene sequence were screened by 
PCR and selected as putative clones. Pure viral clones were obtained after several rounds of 

25 plaque purification. Western blot analysis was performed using polyclonal rabbit anti- 
mfgl2 antibody to demonstrate expression of mfgl2 fusion protein. Preliminary experiments 
were performed to determine the optimal conditions for protein expression. Amounts of 
protein expressed by Sf9 and High 5 insect cells were compared. High 5 cells expressed 
greater quantities of protein compared to Sf9 cells. Recombinant protein production was 

30 detectable by 48 h and reached maximal levels at 72 h, remaining at the same level for up 
to 5 days after infection. The time course of mFgl2 expression is shown in Figure 19 MOI = 
MOI is of 5 or 10 pfu/cell produced similar levels of protein expression. Based on these 
observations, we decided to infect High 5 cells with virus at an MOI of 5 pfu/cell, and 
harvested the cells on day 3 post-infection for optimal protein production. 

35 As we mentioned previously, the mfgl2 fusion protein was attached to a 

polyHis tag at the N terminus. Purification of the protein was performed using the Probond 
resin under denatured conditions h no success was met when performed under native 
conditions. Western and Coomassie blue staining were used to detect the expressed 
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p—, *«, (Pi^s 20 and n respective,,,. ^ prottin „ as obs .„ ed to haye , 
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Functional analyses of the mfgl2 fusion protein 
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which suggests the expressed mfgl2 fusion protein acts similarly as. the native protein to be 
a direct prothrombinase. 

A second set of clotting assays was done to determine if the addition of 
soluble mfg!2 protein prevents PCA expression by cells infected with recombinant virus. Our 
5 results suggested that the soluble protein was incapable of preventing the clotting induced 
by the cell lysate. Nonetheless, preliminary results from reconstitution of purified protein 
into insect cells shows partial PCA activity recovery (Table 9). 
Prothrombin Cleavage Assay 

The ability of mfgl2 fusion protein to cleave prothrombin to thrombin was 

10 examined by the prothrombin cleavage assay. In Figure 22, a single high molecular weight 
species of intact 1251-prothrombin was noted after incubation with buffer and calcium alone 
(first panel). Addition of human factor X in the presence of calcium and factor V produced 
cleavage products corresponding to known derivatives of prothrombin (second panel). 
Similar products were seen when incubating 1251-prothrombin with homogenates from 

15 recombinant virus infected cells (forth panel). However, incubation of 1251-prothrombin 
with uninfected High 5 cell homogenates or purified protein exhibited no prothrombin 
cleavage (third and fifth panels respectively). These results were consistent with the 
observations from our one-stage clotting assay. Low molecular weight products were seen 
when 1251-prothrombin was incubated with homogenates from wild type virus infected 

20 cells (data not shown). This might be explained by the expression of protease in wild type 
infected insect cells (Vialard et al., 1995). 

Having illustrated and described the principles of the invention in a 
preferred embodiment, it should be appreciated to those skilled in the art that the 
invention can be modified in arrangement and detail without departure from such 

25 principles. We claim all modifications coming within the scope of the following claims. 

All publications, patents and patent applications are herein incorporated 
by reference in their entirety to the same extent as if each individual publication, patent or 
patent application was specifically and individually indicated to be incorporated by 
reference in its entirety. 

30 Below full citations are set out for the references referred to in the 

specification and detailed legends for some of the figures are provided. 
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TABLE 1 



Clan 


Example 


Consensus 


SA 


chymotrypsin 


H D G.SG 




10 families 




SB 


Subtilisin 


D HGT GTS G 




1 jamily 


SC 


Carboxypeptidase 


C G.S D H 




5 families 




SE 


B lactamase 


S..K S.N D 




4 families 




SF 


Lex A 


SM G KR 




3 families 




SG 


Omptin 


not identified 




5 families 
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TABLE 2 



Clan 



CA 



CB 



CC 



Example 

Papain 

3 families 
Picornains 

4 families 
HC -proteinase 
2 families 



Consensus 
CW H N.W 
H C(G) 



GYCY VDH HV 



E^Ey^^^zed families 
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TABLE 3 



rnllvltn 

mi id di 
nUrLrl 

lJi irri do 
itri oo 

r1UrLr4 

LJI iri nr 


SEQUENCE 

GCA AAC AAT GAA ACA GAG GAA A 
ATT GCC CTA TTA GAT AAC GAA TAC 
AAC GGA GAC CCA GGC AGA AAC 
CI I CGG GAG CTG AAT AGT CAA 
GAC AGC AAA GTG GCA AAT CTA 


5' POSITION 

100 
1399 
349 
243 
553 


tm 

2(A+T)+4(G+C) 

60 
64 

^ 66 
62 

60 


uit in dc 


U U I GG TGA AGT TGG TGC TCC 


832 


64 


til iri 0-7 
nUrU J 7 


CAA AAG AAG CAG TGA GAC CTA CA 


693 


66 


LJI 1 CI DO 

HUrLPo 


MAI CT GGA GTG GTG AAA AAC TT 


1125 


62 


rlUrLPy 


TGA CCA AGA GTA AGG AAA TGA 


908 


58 


HUPLP10 


TGA CTG TAT TTG TTC TTG GCT G 


639 


62 


HUFLP1 1 


TTC TGG GAA CTG TGG GCT GTA 


1134 


64 


HUFLP12 


CCA GCT TCA TCT TTA CAG T 


43 


54 


HUFLP13 


AAT CAC TCT GTT CAT TCC TCC 


1353 


60 


lilt f*i i-\ ^ .* 

HUFLP14 


GAA ATA ATA TGC ATT GAA A 


-173 


36 


HUFLP14R 


AAC GCA CAG GAA GAG GAG A 


-96 


58 


HUFLP15 


TTG ACA TCC TTT GAG ATA T 


1459?? 


50 


HUFLP16 


ATG GGG CAT TGG GGA GC 


-427 


56 


HUFLP17 


GGC TAT ctc: TTP PT^ T 


-118 


58 


HUFLP18 


TGA GCT ATG CCA GTG TCT GT 


-755 


60 


HUFLP19 


CAA GCG TAG TAT ACC AAA T 


-288 


52 


HUFLP20 


AAG GCA GGA AAG AGG AAC 


-961 


• 54 


HUFLP21 


GAC AAA GGA ATA GAA AGT AGC 


-601 


58 


HUFLP22 


CAG GGC AAA AAT CTA AAT G 


-1092 


52 


HUFLP23 


GCC CAG AGA GCA GGT AGA A 


-883 


60 


HUFLP24 


CCA GCC AGG GTT GAA ATA 


3' end 


54 


HUFLP25 


GCC CTG TCA GTC ATT TTG 


promotannot used 


54 


HUFLP26 


AAA AAC CTA CCA GTA GTC T 


3' end 


52 


HUFLP28 


TTG GGG TGA CAT TAT GC 


2399 


50 


HUFLP 29 


TGA GCA GCA CTG TAA AGA TG 


16 


58 


HUFLP30 


GTG GCT TAA AGT GCT TGG GT 


1350 


60 
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TABLF d 

Role of asialoGMl+ NK cplk i. 

hi- ink ceils and macrophages in fetal loss 



Expt. 



Day 6.5 
treatment 



PBS 
PBS 
PBS 

anti-asialoGMl 

anti-asialoGMl 

anti-asialoGMl 
PBS 

PBS 
PBS 

anti-asialoGMl 
anti-asialoGMl 
anti-asialoGMl 



3. ctrli 
Ctrl 

Si0 2 << 

Si0 2 



Day 7.5 
treatment 



PBS 

1000 u TNF-a 
2000 u TNF-a 
PBS 

1000 u TNF-a 
2000 u TNF-a 
PBS 

1000 u IFN-yg 
1000 u IFN-y. + 
TNF r cc h 
PBS 

1000 u IFN-y 

1000 u IFN-y + 

TNF-a h 

PBS 

IFN-y + TNF-cx) 
PBS 

IFN-y + TNF-ai 







assay 


XT-* 

i\Ja 


resorptions 
/total 


% fetal 
losses 


8 


23/56 


41% 


8 


jo //in 


72%b 


8 


O/ / 04 


89%c 


8 


10/59 


19%d 


. 8 


12/63 


16%* 


o 

8 


12/55 


22%* 


16 f 


43/101 


43% 




79/93 


85%s 


x O 


74/89 


83%* 


16 


11/71 


15%d 


16 


12/98 


12 %e 


16 


89/104 


86%h , 


8 


36/88 


41% 


8 


65/80 


81%i 


8 


14/55 


25%k 


8 


52/65 


80%) 



Footnotes to Table 4: 

a) N represents number of pregnant mice per group 

b) Significant increase in fetal loss rate, P < 0.005 by c2 

0 S lg nificant increase in fetal loss rate compared to PBS control P < 0 005 bv , 
secant difference compared to lower dose of TNF-a, P < 0 05 " '' 

^z^: c r loss rate by ~ iogmi — » 

^LToup ant bootmg of fetal loss rate — d to PBS «*--^. 

0Resultfrom2independent experiments giving same result have been pooled 
g) g-mterferon (IFN-g) significantIv booted ^ ^ ^ p < ^ «^ 
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h) TNF-a was given at 1000 u and 2000 u in separate experiments with IFN-g and 
gave similar result; the data have been pooled for ease of presentation. The fetal loss 
rate was significantly boosted P < 0.005 by c2. 

i) Untreated CBA/J female mice mated to DBA/2 males. 

: j) 1000 u IFN-g + 2000 u TNF-a significantly boosted fetal loss rate, P < 0.005 by 
c2. 

k) CBA/J mice injected twice a week for 4 weeks with 100 mg/kg silicon dioxide 
before mating significantly reduced fetal loss rate, P < 0.05 by c2. 
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TABLE 5 

Cytokine-triggered resorption in C57B1/7 IRF+/+ and IRF-/- mi ce 



Mating combination 

IFR1 + /+X +/+a 

IFR1+/+X +/+ 
IRF1-/- X +/+c 
IRF1-/- X +/+ 



a) Normal C57B1/6 females ( +/+ ) mat ed to DBA/2 males (+/+). 

b) Significant increase in fetal loss rate P < 0.001, Fisher's Exacl test 

c) Female C57B1/6 mice homozygous for a defective IRF gene (IRF -/-) 
were mated to normal DBA/2 males (+/+). 

d) 1000 u IFN-y and 2000 u TNF-a was injected 



Day 7.5 treatment 


N 


Day 13.5 
resorptions 
/total 


assay 

% fetal 
losses 


nil 


5 


3/39 


7.7% 


IFN-y + TNF-a 


4 


16/22 


73%b 


nil 


7 


3/57 


5.3% 


IFN-y + TNF-a d 


9 


5/76 


6.5% 
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TABLE 6 

Antibody to fgl2 prothombinase prevents fetal losses in CBA/J X DBA/2 
mice 



Pretreatment group 


Day 7.5 treatment 




Day 13.5 assay 








resorptions 


% fetal 






N 


/total 


loss 


Control Rabbit IgG 


nil 


8 


21/56* 


38% 


Control Rabbit IgG 


IFN-y + TNF-cc b 


8 


48/55 


87%c . 


Rabbit IgG anti-fgl2 


nil 


9 


3/66 


4.5%d 


Rabbit IgG anti-fgl2 


IFN-y + TNF-<x b 


9 


9/68 


13%* 



a) Result from two independent experiments which gave the same result. 
10 b) 1000 u IFN-g and 2000 u TNF-a was injected ip. 

c) Significant increase in fetal loss rate P < 0.001 compared to no cytokine 
control group, Fisher's Exact test. 

d) Significant reduction in spontaneous fetal loss rate P < 0.001 compared 
to no cytokine control group, Fisher's Exact test. 

15 e) Significant reduction in fetal loss rate P < 0.001 compared to cytokine- 
treated controls, Fisher's Exact test. No significant difference compared to 
anti-fgl/2-treated mice which did not receive an injection of cytokines. 
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TABLF 7 

Expression of procoagulant activity in High 5 cells infected with 
recombinant AcMNPV "ectea with 
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TABLE 8 

Effect of coagulation factor-deficient plasmas on PCA expression 



PCA 



Plasma 








Time (sec) 


Milliunits/2xl0 6 cells . 


Normal 


72+4 


418±104 


Deficient in: 






Factor VII 


54±4 


1624±406 


Factor X 


105±5 


40±14 


Factor V 


67+2 


592±89 


Factor II 


>240 


<i ! 
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TABLF Q 

The procoagulant activity after constitution of the purified protein 



PCA 
Time 



Milliunits 



(sec) 



10 



[H5 " 


1 >24U 


<1 


Purified protein (3 ug) 


1 ~220 


■~<1 


H5 + purified protein (3 ug) 


1 42 


"~3634 -j 


fii> + recombinant virus 
l(RV) 

tlb ceils + RV + ~~ 


] 89 


127 " ' j 


Purified protein (20 ng) 
H5 cells + RV + 


1 57 


"1254 — j 


Purified protein (100 ng) 

H5 cells + RV + [ 


" 54 


1541 " 


Purified protein (3 ug) 


"50 


~2053 ' — 

V 1 


tii> cells + RV + T 
Purified protein (3ug) 


34 "' 


"6434 ' j 
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SEQUENCE LISTING 

(1) GENERAL INFORMATION: 

(i) APPLICANT : Levy, Gary 
<ii) TITLE OF INVENTION: Methods of Modulating Immune Coagulatipn \ 
(iii) NUMBER OF SEQUENCES: 4 ■■ 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: BERESKIN & PARR 

(B) STREET: 40 King Street West 

(C) CITY: Toronto 

(D) STATE: Ontario 

(E) COUNTRY: Canada 

(F) ZIP: M5H 3Y3 



(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS/MS-DOS 

(D) SOFTWARE: Patentln Release #1.0, Version #1.30 



(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: 

(B) FILING DATE: 

( C ) CLASSIFICATION : 



(viii) ATTORNEY / AGENT INFORMATION: 

(A) NAME: Gravelle, Micheline 

(B) REGISTRATION NUMBER: 40,261 

(C) REFERENCE /DOCKET NUMBER: 9579-006 

(ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: (416) 364-7311 

(B) TELEFAX: (416) 361-1398 



(2) INFORMATION FOR SEQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 463 0 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Homo sapiens 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 1 : 



GATCTAGGGT 


TGGAAGCCAG 


GTCTCCTGAG 


TATGCGAGAA 


TAAATACAGT 


CATGGAAGTG 


60 


TAAAGAGTCT 


GCCAACATTT 


TGAGAATGTG 


AATAGGATTT 


GGCTAAAATT 


AAGGGGATAT 


120 


ACAGAAAAGT 


CATAGGAAAT 


CAGGTTAAAG 


ACATAAATAT 


GAGATAGGCT 


ACAGAGTGTT ' 


180 


TTAAGTAATA 


CAATAAAACA 


TTTAGATTTT 


TGCCCATGTC 


AGTCATTTTG 


AAATTATTTT 


240 


TAAAGCAAAA 


AAACCCTTTT 


TAAACAAGAA 


ATCTTATGAG 


ATGTCAATAT 


GCAAAACAAA 


300 


TTAAAAGGAG 


GTGGTTTCTC 


TAACTGAAGC 


TGTTCCTCTT 


TCCTGCCTTC 


AGCCTCTGAA 


360 
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GAGAAAGTTA 
GTGGCCCAGA 
CAGGGCTACC 
C AC TGGC ATA 
AAAATGTCGA 
TAAATGGGTC 
AGTAGCACTT 
AC TGC AATAG 
TTTCACCTGA 
GAAAAAGGAC 
CTCTTACTTT 
CAAGCGTAGT 
CATTATGAAA 
TATTTCTATT 
TCTTCCTGTG 
GAAAGCCTGA 
TGGGGTGAGC 
TCTTGCCACT 
AAGAGCAAAG 
GGAGTGCCCC 
CAGGATCGAG 
GAAATCTTGC 
ACTGTTGTTA 
AGAGAGTGAG 
ACTTCATGGT 
TGACAGCAAA 
GTGTCCCAGC 
ATATGTTCAT 
GTTAAATAGA 
CTTCTCAAAT 
CACTGGAAGT 
AGAGATTAGA 
TTAC TAAAC A 



GAAAAC TATT 
GAGCAGGTAG 
TGCAGAAAGA 
GCTCAAAGAT 
AGGGCAAAGG 
TTAGACATTT 
TTTTCTCCAC 
TCAGAAAGCT 
AAGTCCAACA 
CATTTTCATT 
TTATCTTTAA 
ATACCAAATT 
GTGAATCTTG 
GAGAGTAAGT 
CGTTTCTAAA 
CTCAGGCCAT 
AGCACTGTAA 
TACGGTTTTT 
GATGTCTGCC 
TACCAGGTAA 
GAGGTGTTCA 
CAAGACTGCA 
CCCAGTACAG 
GTTAACAAGC 
CGCCTGGAGA 
GTGGCAAATC 
CAAGAACAAA 
AAATGTTATA 
TGACAGATTA 
ATGACCACAT 
CACTTTCAAT 
GGTCCTTTCT 
CCTTCAAGTA 



ATCATTAATG 
AAGAACCAGC 
AAGGGCAAAG 
TCACATTTGA 
AGGCAGCTAC 
AGACATTTAT 
TAGTTTTCTT 
GTACTTTGTT 
TGAAGAAAAT 
TTAGTAACGT 
AAACTGTTTT 
ACTTTAGAAA 
TTGGCTGTGT 
TACAGTTTTT 
ACTTGTGATG 
GGCCGCTATT 
AGATGAAGCT 
TGGTTGTGGC 
CAGTGAGACT 
GCCTGCCCCC 
AAGAAGTC C A 
AGCTGCAGGC 
GAGCCCCGGG 
TGTCCTCTGA 
AGCTGAATCT 
TAACATTTGT 
TACAGTCACG 
CAGTCAGAGA 
AGTCTTTTAT 
AAATATGACC 
TTTAAGATCT 
GCTTTATAAC 
AGTTTAGTAA 



CTACATGTTT 
GTGGAGACAG 
ATGCTGTAGG 
GCAGCTGTGG 
TGGTTTTGAT 
ATACACTATG 
CTCTTTTTCA 
AC AC TT AGAA 
ACAGGCTCCC 
TTCTGTTCTA 
TCCAGTGAAG 
TGCAAGACTT 
ACATTTGACT 
GGCAAACTGC 
CAAACGCTCC 
. AAAGCAGCTC 
GGCTAACTGG 
AAACAATGAA 
AGAAAGCAGA 
CTTGACTATT 
AAACCTCAAG 
TGATGACAAC 
AGAGGTTGGT 
GCTAAAGAAT 
TGTAAATATG 
TGTCAATAGT 
TCCAGGTATG 
TGTATCTAAA 
TTATCAAGGT 
TAATTACAAA 
TATTTGTTAA 
ATTAGGTTCT 
AGTTTCATTA 



TGAACAAGCT 
AAAGCAAGAG 
CAAGAGAAGT 
AAGATGACAG 
GAAAGACAAT 
CTACGGACAA 
AGTAGATGAA 
AC TTC TAAAA 
CAATGCCCCA 
TAGACAGTTT 
TTACGTATAA 
TTCTTATACT 
ATAATAATTT 
GTTTGATGAG 
CACCCTTTCC 
CAGCCCTGCG 
TACTGGCTGA 
ACAGAGGAAA 
GGGAAATGCG 
CAGCTCCCGA 
GAAATCGTAA 
GGAGAC CC AG 
GATAACAGAG 
GCCAAAGAGG 
AACAACATAG 
TTGGATGGCA 
TATAATAATG 
AGATTAACCT 
GCACAGGAAA 
ATCATAGTTA 
TGCCAGACCT 
TCTTGTGAGG 
CTGCCATTGA 



GATATACCAA 
GCCCGCCTGC 
TCAGGACAGA 
TACAATTACC 
TATGTCCTTT 
AGGAATAGAA 
GCAAAAGTCA 
GTGCTTAAGA 
TTCTAAGAAG 
GGATAACTAG 
TTATTTACTT 
TCATAAAATA 
CAATGCATAT 
GGCTATCTCC 
TGGGAACACA 
CACTCCCTGC 
GCTCAGCTGT 
TTAAAGATGA 
AAGAGGCAGG 
AGCAATTCAG 
ATAGTCTAAA 
GCAGAAACGG 
TTAGAGAATT 
AGATCAATGT 
AAAATTATGT 
AATGTTCAAA 
TTTTCTTATC 
GAGTCAGTAA 
AAATAAATAT 
GTTCTGTATC 
ACTTGCAAGC 
CCTTAAGCAT 
TTCAATTATC 



420 
480 
540 
600 
660 
720 
780 
840 
900 
960 
1020 
1080 
1140 
1200 
1260 
1320 
1380 
14 40. 
1500: 
1560 
1620 
1680 
1740 
1800 
1860 
1920 
1980 
2040 
2100 
2160 
2220 
2280 
2340 
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AAACTGCTTT 


TGTACATATA 


AAGAATTC TT 


CAGATGCATG 


GTTTC T ATT A 


ACAAGATCCA 


2400 


ATGCCTTCCT 


TTTATTTCCC 


CTTCAGTTCA 


ACATCTAATA 


TATAAAGATT 


GCTCTGACTA 


2460 


CTACGCAATA 


GGC AAAAGAA 


GCAGTGAGAC 


CTACAGAGTT 


ACACCTGATC 


CCAAAAATAG 


2520 


TAGCTTTGAA 


GTTTACTGTG 


ACATGGAGAC 


C ATGGGGGG A 


GGCTGGACAG 


TGCTGCAGGC 


2580 


ACGTCTCGAT 


GGGAGCACCA 


ACTTCACCAG 


AACATGGCAA 


GACTACAAAG 


CAGGCTTTGG 


i 

* 2640 


AAACCTCAGA 


AGGGAATTTT 


GGCTGGGGAA 


CGATAAAATT 


CATCTTCTGA 


CCAAGAGTAA 


2700 


GGAAATGATT 


CTGAGAATAG 


ATCTTGAAGA 


CTTTAATGGT 


GTCGAACTAT 


ATGCCTTGTA 


2760 


TGATCAGTTT 


TATGTGGCTA 


ATGAGTTTCT 


CAAATATCGT 


TTACACGTTG 


GTAACTATAA 


2820 


TGGCACAGCT 


GGAGATGCAT 


TACGTTTCAA 


CAAACATTAC 


AACCACGATC 


TGAAGTTTTT 


2880 


CACCACTCCA 


GATAAAGACA 


ATGATCGATA 


TCCTTCTGGG 


AACTGTGGGC 


TGTACTACAG 


2940 


TTCAGGCTGG 


TGG TTTGATG 


CATGTCTTTC 


TGCAAACTTA 


AATGGCAAAT 


ATTATCACCA 


3000 


AAAATACAGA 


GGTGTCCGTA 


ATGGGATTTT 


CTGGGGTACC 


TGGCCTGGTG 


TAAGTGAGGC 


3060 


ACACCCTGGT 


GGCTACAAGT 


CCTCCTTCAA 


AGAGGCTAAG 


ATGATGATCA 


GACCCAAGCA 


3120 


CTTTAAGCCA 


TAAATCACTC 


TGTTCATTCC 


TCCAGGTATT 


CGTTATCTAA 


TAGGGCAATT 


3180 


AATTCCTTGT 


TTCATATTTT 


TCATAGCTAA 


AAAATGATGT 


CTGACGGCTA 


GGTTCTTATG 


3240 


CTACACAGCA 


TTTGAAATAA 


AGCTGAAAAA 


CAATGCATTT 


TAAAGGAGTC 


CTTTGTTGTT 


3300 


ATGCTGTTAT 


CCAATGAACA 


CTTGCAAGCA 


ATTAGCAATA 


TTGAGAATTA 


TACATTAGAT 


3360 


TTACAATTCT 


TTTAATTTCT 


ATTGAAACTT 


TTTCTATTGC 


TTGTATTACT 


TGCTGTATTT 


3.42 0 


AAAAAATAAT 


TGTTGGCTGG 


GTGTGGTAGC 


TCACGCCTGT 


AATCCCAGCA 


CTTTGGAATG 


3480 


TCAAGGCAGG 


CAGATCACTT 


GAGGTCAGGA 


GTTTGAGACC 


AGCCTGGCCA 


AACATGTGAA 


3540 


ACGCTGTCTC 


TATTAAAAAT 


ACAAAAATTA 


GCCGGGCATG 


GTGGTACATG 


CCTGTAATCA 


3600 


ACGCTGTTTA 


TTAAAAATAC 


AAAAATTAGC 


CGGGCATGGT 


GGACATGCCT 


GTAATCCTAG 


3660 


TACTTGGGAG 


GCTGAGGCAG 


GAGAATCGCT 


TGAACCTGAG 


AGGAAGAGGT 


TGCAGTGAGC 


3720 


CAAGAATGAG 


CCACTGCACT 


CCAGCATGGG 


TGACAGAGAA 


AACTCTGTCT 


CAAACAAAAA 


3780 


AATAATAAAA 


TTTATTCAGT 


AGGTGGATTC 


TACACAAAGT 


AATCTGTATT 


TGGGC C ATG A 


3840 


TTTAAGCACA 


TCTGAAGGTA 


TATCACTCTT 


TTCAGGCTAT 


AATTATTTGG 


GTAATCTTCA 


3900 


TTCTGAGACA 


AAC TTAATCT 


ATATCATTTA 


CTTTGCAACA 


GAACAACCCT 


ACAGCATTTT 


3960 


GGTTCCCAGA 


CTAAGGGAAC 


TAATATCTAT 


ATAATTAAAC 


TTGTTCATTT 


ATCATTCATG 


4020 


AAATATAAAA 


TACTTGTCAT 


TTAAACCGTT 


TAAAAATGTG 


GTAGCATAAT 


GTCACCCCAA 


4080 


AAAGCATTCA 


GAAAGCAATG 


TAACTGTGAA 


GACCAGGGTT 


TAAAGGTAAT 


TCATTTATAG 


4140 


TTTATAACTC 


CTTAGATGTT 


TGATGTTGAA 


AACTGCTTTA 


ACATGAAAAT 


TATCTTCCTC 


4200 


TGCTCTGTGT 


GAACAATAGC 


TTTTAATTTA 


AGATTGCTCA 


CTACTGTACT 


AGACTACTGG 


4260 


TAGGTTTTTT 


TGGGGGGGGG 


TGGGTAGGGA 


TATGTGGGTA 


ATGAAGCATT 


TACTTACAGG 


4320 
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CTATCATACT CTGAGGCCAA TTTTATCTCC AAAGCAATAA TATCATTAAG TGATTCACTT 
CATAGAAGGC TAAGTTTCTC TAGGACAGAT AGAAAACATG AATTTTGAAA TATATAGAAC 
AGTAGTTAAA ATACTATATA TTTCAACCCT GGCTGGTAGA TTGCTTATTT TACTATCAGA 
AACTAAAAGA TAGATTTTTA CCCAAACAGA AGTATCTGTA ATTTTTATAA TTCATCAATT 
CTGGAATGCT ATATATAATA TTTAAAAGAC TTTTTAAATG TGTTTAATTT CATCATCGTA 
AAAAGGGATC 

(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS ■ 

(A) LENGTH: 439 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

Met Lys Leu Ala Asn Trp Tyr Trp Leu Ser Ser Ala, Val Leu Ala Thr 

Tyr Gly Phe Leu Val Val Ala Asn Asn Glu Thr Glu Glu lie Lys Asp 

Glu Arg Ala Lys Asp Val Cys Pro Val Arg Leu Glu Ser Arg Gly Lys 

Cys Glu Glu Ala Gly Glu Cys Pro Tyr Gin Val Ser Leu Pro Pro Leu v 

ib 60 
Thr lie Gin Leu Pro Lys Gin Phe Ser Arg He Glu Glu Val Phe Lys 



4380 
4440 
4500 
4560 
4620 
4630 



Glu Val Gin Asn Leu Lys Glu He Val Asn Ser Leu Lys Lys Ser Cys 

Gin Asp Cys Lys Leu Gin Ala Asp Asp Asn Gly Asp Pro Gly Arg Asn 

Gly Leu Leu Leu Pro Ser Thr Gly Ala Pro Gly Glu Val Gly Asp Asn 

120 125 

Arg val Arg Glu Leu Glu Ser Glu Val Asn Lys Leu Ser Ser Glu Leu 

135 140 

Lys Asn Ala Lys Glu Glu He Asn Val Leu His Gly Arg Leu Glu Lys 



155 



160 



Leu Asn Leu Val Asn Met Asn Asn He Glu Asn Tyr Val Asp Ser Lys 

Val Ala Asn Leu Thr Phe Val Val Asn Ser Leu Asp Gly Lys Cys Ser 

185 190 

Lys Cys Pro Ser Gin Glu Gin lie Gin Ser Arg Pro Val Gin His Leu 

200 205 

He Tyr Lys Asp Cys Ser Asp Tyr Tyr Ala He Gly Lys Arg Ser Ser 

220 
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Glu Thr Tyr Arg Val Thr Pro Asp Pro Lys Asn Ser Ser Phe Glu Val 

225 230 235 240 

Tyr Cys Asp Met Glu Thr Met Gly Gly Gly Trp Thr Val Leu Gin Ala 
245 250 255 

Arg Leu Asp Gly Ser Thr Asn Phe Thr Arg Thr Trp Gin Asp Tyr Lys 
260 265 270 

Ala Gly Phe Gly Asn Leu Arg Arg Glu Phe Trp Leu Gly Asn Asp Lys 
275 280 285 

lie His Leu Leu Thr Lys Ser Lys Glu Met lie Leu Arg lie Asp Leu 
290 295 300 

Glu Asp Phe Asn Gly Val Glu Leu Tyr Ala Leu Tyr Asp Gin Phe Tyr 
305 310 315 320 

Val Ala Asn Glu Phe Leu Lys Tyr Arg Leu His Val Gly Asn Tyr Asn 
325 330 335 

Gly Thr Ala Gly Asp Ala Leu Arg Phe Asn Lys His Tyr Asn His Asp 
340 .345 350 

Leu Lys Phe Phe Thr Thr Pro Asp Lys Asp Asn Asp Arg Tyr Pro Ser 
355 360 , 365 

Gly Asn Cys Gly Leu Tyr Tyr Ser Ser Gly Trp Trp Phe Asp Ala Cys 
370 375 ' 380 

Leu Ser Ala Asn Leu Asn Gly. Lys Tyr Tyr His Gin Lys Tyr Arg Gly 
385 390 395 400 

Val Arg Asn Gly lie Phe Trp Gly Thr Trp Pro Gly Val Ser Glu Ala 

405 410 415 v' :: 

His Pro Gly Gly Tyr Lys Ser Ser Phe Lys Glu Ala Lys Met Met lie 
420 425 430 

Arg Pro Lys His Phe Lys Pro 
435 

(2) INFORMATION FOR SEQ ID NO : 3 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 5403 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

( D ) TOPOLOGY : 1 inear 

(ii) MOLECULE TYPE: other nucleic acid 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 3 : 

CATAAGGCGT GTCTGACAAA TTCTTCATAC ACACATTTCC CCTTTGCACA TTCAGTCTGT 60 

ATAGGTTATT TCTATAGGAG AAAAAAAATA TTCAAATTCC TTGTGCACTG GTAACAGGCA 12 0 

TGAAGGCTCA GCAAAGCCAA TACGTGTTAT GTCCAGTTGG AGACAGTGCC AGGGCCAACA 180 

TTCCAGACTT CTCAGATAGA AAGTGCGCCT GCCTGCCCTG CTCTGAGAAT TTGAAGAGAG 240 

TAGTTCAGTT AGAATTAAGA GGCAGTAGAG AAAAGTCTTG GGAAATCTGG TTAGAGATAT 3 00 

AAATATGAGA ACTGGACATG GTGGTACACA CCTGTGATCT CTGTGTTTAG GAGGGAGAGG 3 60 
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CAGAGAGATC 
GAGATAGATT 
AGTTACGCTG 
CAGTATGCAC 
CAGCCACTGC 
CATAGCCTGC 
AAACAGATGA 
GGGCAATTTT 
CCCAAACTAG 
CACAGACATT 
TCTTTTGGGC 
AAAAACCCAG 
TGCATAGTTT 
TCTCCTCCTG 
CAGAACGCCT 
ACTGCAAGGA 
CGAGCGGTGG 
TGCCCCGCGA 
ACCCTGCCCA 
AAAGAAGTGC 
AAGTTGCAGG 
GCCGAGGACA 
AAGAATGCAA 
AATATGAACA 
AACAGTTTGG 
GGTAGGTGTA 
ATAAACATTA 
GAGAAACAAG 
TCCTATTAGT 
GTCGACCAAC 
AGGACAGGTA 
GGTGGCTGAT 
TCTAGTGAGA 



AGGAGTTCAA 
ACAGAGTGCC 
AAATAATTTT 
AATGAACTTA 
CTGTGATGTG 
ACAGTCAGGA 
GAGACACACA 
AAGTACTTAA 
GGAGGAAACA 
TAGACGTTCC 
ACTGGTATTA 
ACGGTGAATC 
TGACTGACAG 
TGTGGCGTCT 
GAGTCAGGCG 
TGAGGCTTCC 
AGGAGCACAA 
GGC TGGAGGG 
CGCTGACCAT 
GGACCCTCAA 
CTGACGACCA 
GTAGAGTCCA 
AGGACCAGAT 
ACATTGAGAA 
ATGGCAAGTG 
ATGAGGGTCA 
ACCCGAGGGA 
TGTTTTCTCA 
TGTACTCGTT 
AGACGAGCAG 
TGGCAAGGTT 
GGGCTTTATA 
ATGGGAGATT 



GGCCAGCCTG 
TTTAACTAGT 
TAAGTAATAA 
AGAGAGACCC 
TGAGTGACGT 
GAAAACAGCC 
CAGAGAATCC 
GAGTTCACAC 
GAATCATTTC 
AACTCTTTCC 
CAACTGTTTT 
TTGAATACAA 
GAGATGACAG 
GAGACTGTGA 
GCGGTGGCTA 
TGGTTGGTTG 
CC TGACTG AG 
CAGCGGGAGG 
CCAGCTCCCG 
GGAAGCAGTG 
TCGAGATCCC 
GGAACTGGAG 
CCAGGGGCTG 
CTACGTGGAC 
TTCCAAGTGT 
TACAGTTTGT 
GCATAAGTTA 
AATGAGACAA 
AGAGAC CGTC 
AAACAGATTC 
CCTGGCTCTG 
AGGCTTTCAC 
TTTATACATG 



AGCTACTTGA 
ACAGAGAAAG 
AATCCCTTTT 
CCAGCTCCTG 
GCTTCCAAGT 
GTATTCTCTG 
ATTTAAAGAG 
AAAGTCTAGC 
CATTTTGGTG 
CCACTAGTGG 
TTAAACAAAA 
TGCGTGGCAC 
CATTTGGCTG 
TGCAAATGCG 
TTAAAGCGCC 
TGGCTGAGTT 
GGGCTGGAGG 
TGCGAGGGGA 
CGGCAGCTTG 
GACAGTCTGA 
GGCGGGAATG 
AGTCAGGTGA 
CAGGGGCGCC 
AACAAAGTGG 
CCCAGCCAAG 
TCATGAAAGC 
GTCAGACTTT 
CAGAAATGGT 
ACTTGCAAGT 
CTCCCGGAAT 
CTTGCTTAGG 
AAACAATCTG 
GAAGCATCTC 



GACCCAGTCT AAATAAATAA 420 
AATTTGGGTT TATCTGTGTC 48 0 
AATAAGAAAC CTTATGAGGT 54 0 

AGCTGAGTGA TGGGGAAGGA 600 
GTTTTAACCA CTGACGATTA " 660 
CCAGTTCTCT TCCCTTTTAC 72 0 
CGGACCTTTG TTCTGATTAG 7 80 

CTTCAAAAAG AAAACAGGTT 840 
ACATTTAGTG GGAAGAAGCT 900 
ACCAAGTATA TAATATGGTA 960 
GACtTTCCTT GTGCTTTACT 102 Q 
CCACGGCAGG CATTCTATTG 1080 
GCTGCGCTTG CTGAGGACCC H 40 
CCCGCCCTTT TCTGGGAACT 12 00 

TGGTCAGGCT GGGCTGC CGC 12 60 
CTGCCGTCCT CGCTGCCTGC 1 32 0 
ATGCCAGCGC CCAGGCTGCC 13 80 
GCCAGTGCCC CTTCCAGCTC vft'io 
GCAGCATGGA GGAGGTGCTC 15 00^ 

AGAAATCCTG CCAGGACTGT 1 560 
GAGGGAATGG AGCAGAGACA 162 0 
ACAAGCTGTC CTCAGAGCTG 168 0 

TGGAGACGCT CCATCTGGTA 1 740 
CAAATCTAAC CGTTGTGGTC 1800 
AACACATGCA GTCACAGCCG I860 
TGTATAGCCA GATAGTGGCC 192 0 

CACCTGTTAA GTTATGGCAG 19 80 
AAATGATCCA CGTACAAAAA 2040 
CTCTAGACCT TCCCTGCTAG 2100 
CTGAACACAT ATTTGAACAC 2160 
TCCCTGGGAA TCAGATCTTG 222 0 
CTGTGCTAGG TTCTCAAATA 2280 
TCCTCTCTCT CTCCTCTCTC 2340 
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CTCTCTCTTC 


TCTCTCTCTC 


TCTCTCTCTC 


TCTCTCTCTC 


TCTCTCTCTC 


TCTCTCTCTC 


2400 


CTCCCTCCCT 


CCCTCTCTCT 


CTCTTTGTGT 


GCGTGTGTGG 


TGGGGATGAG 


G AC AC GTGT A 


2460 


GAACTTCGGG 


GGTTGAGACT 


TAGTGCATAT 


GCATCCTCAC 


CATTCCAGTT 


AGTGAATGTT 


2520 


AACACTATTT 


TV TV m/l TV /*T TV y« 

AAGGTCACAG 


ACCTAACAGC 


CTTCTGTGTC 


CGGATTCCTG 


GATTCCTAGG 


2580 


ACCTTTGTGG 


ATGGGTTGCC 


ACACCCTCTG 


TGTTCATCCT 


GACTGTGAGG 


TCGATGGGAC 


• 

* 2640 


TV TV TV tv 

ATAGTAGGGA 


m Tv tv mm rn tv m 

T AAC TT TC AT 


TTGGAATCTC 


TAGAGATGGT 


AGGTCATCAT 


GTCATAGAAT 


2700 


GTTATC AC TA 


ATGACCAAGA 


TAGACACTCA 


TGTTTAAGAG 


ACATCACAAG 


GTGTATATTA 


2760 


AATATGACAT 


GGCATATAAC 


TTGTAATGAC 


ACAAAAATAT 


TCTGTTACCT 


ACTTTTCTCC 


2820 


TAAAAGCTTG 


GGACTCTCCA 


GAGTTCTAAA 


TACATGCAAA 


CAGATTATTG 


TGTTTTACAG 


2880 


GAATCTTATA 


TTGAAC TTTC 


TTTACCTGAC 


TCAAATTTTA 


TTAAAATTAA 


CTGGGAACAA 


2940 


ATAGTTGGTC 


TCTAATCTCT 


ACAAAAACCA 


CCAAATGATT 


ACACTGAGCA 


TAATTATAAT 


3000 


CACCCTGCTG 


CTACGTCTAG 


AAACCAAACT 


GTGAAATATT 


GGCTGACTGT 


ATACCTTCCT 


3060 


AAATAATAAA 


TTCAGGATAA 


CATTGCCATA 


TTATTGGAGA 


ACCCCCCCCT 


CCCTTTTAAA 


3120 


ACTGGAATCA 


TTTTATGTCA 


ATCTCAGGTG 


AAATACGAAT 


GGGTTTCAGA 


ACAGTGCTGT 


3180 


GCACTGAAGG 


CTGACATTTA 


GAACATATAT 


AACGATTTCT GTAAAGTCTG 


CTGTAACAAT 


3240 


TGCTGATTGT 


ATC C TAGGAG 


ACTTGGACTC 


CTCTCAACGT 


TAAGGCAGAG 


GAATATAATG 


3300 


GTTATGAGAG 


TAAAACTCTC 


TGTCAGGTAC 


ATCTGGCTTT 


CTGTCCCAGC 


TCTGTCACTT 


3360 


AACACTTAGT 


TGCGGTGGGA 


AAACTCCCTG 


ATCTTCCGGG 


AGACTAAGTA 


ACTGTATAAG 


1420 . 


CAAGCTGGCC 


GTGATATCCA 


CGTCGTAAGG 


CTGCTGTGTG 


GGTTCAGTGA 


AAAC TGTT AC 


3 48.0 


AGTGATTGGC 


AGAGTTTCTG 


GAGGTCATTG 


ACCCTCATTA 


AACCTTGCAT 


ACACTTATTC 


3540 


TTACTACTCT 


TTGCTGTTAG 


TGTTGCCACC 


AGGATTGCCA 


TTCAAGGCAG 


TCCTGTATAC 


3600 


TTGATAACAC 


CAGTTGGTTC 


TGAGGCCTTA 


GTTAGCATCT 


GTTAGCCTGG 


TTCAGGAGAG 


3660 


TGTATCAGAG 


CCAGGTTCCT 


CTATCACATA 


AACTGTAACG 


CAAGTGAATT 


GTCCAATTGC 


3720 


TGTTGAGTCT 


GAGAGTCCTT 


GAGGTGC ATA 


GCTTTGACTA 


ATAAATCCCC 


ATGCTTTTAT 


3780 


GCTTTTCCTT 


CCTCCCTCTT 


CCAGTTCAAC 


ATCTAATATA 


CAAAGATTGT 


TCCGACCACT 


3840 


ACGTGCTAGG 


AAGGAGAAGC 


AGTGGGGCCT 


ACAGAGTTAC 


CCCTGATCAC 


AGAAACAGCA 


3900 


GC TTTG AGGT 


CTACTGTGAC 


ATGGAGACCA 


TGGGTGGAGG 


CTGGACGGTG 


CTGCAGGCTC 


3960 


GCCTTGATGG 


CAGCACCAAC 


TTCACCAGAG 


AGTGGAAAGA 


CTACAAAGCC 


GGCTTTGGAA 


4020 


ACCTTGAACG 


AGAATTTTGG 


TTGGGCAACG 


ATAAAATTCA 


TCTTCTGACC 


AAGAGTAAGG 


4080 


AAATGATTTT 


GAGAATAGAT 


CTTGAAGACT 


TTAATGGTCT 


CACACTTTAT 


GCCTTGTATG 


4140 


ATCAGTTTTA 


TGTGGCTAAT 


GAATTTCTCA 


AATACCGATT 


ACACATCGGT 


AACTACAATG 


4200 


GCACGGCAGG 


GGATGCCTTG 


CGTTTCAGTC 


G AC AC T AC AA 


CCATGACCTG 


AGGTTTTTCA 


4260 


CAACCCCAGA 


CAGAGACAAC 


GATCGGTACC 


CCTCTGGGAA 


C TGTGGGC TC 


TATTACAGCT 


4320 



BNSOOCID: <WO 9851335A1 I > 



WO 98/51335 



m 



PCT/CA98/00475 



70 - 



CAGGCTGGTG GTTTGATTCA TGTCTCTCTG CCAATTTAAA 
AATACAAAGG TGTCCGTAAT GGGATTTTCT GGGGGACCTG 
AGGCAGGTGG CTACAAGTCC TCCTTCAAAC AGGCCAAGAT 
TCAAGCCATA AATTGCTAGT GTTCATCTCT CTGGGCACTC 
ATTCCTTCAG CCCTTTACCA TATGTCTCAG TTTATATTCC 
CCTTTAAAGC TTTACAGCTT TTAGAATAAA GCTGAAAAGA 
GCTGTTATAT GAGGAATGCT TGAAAGCACT GGAAATATTG 
CAAAACCTTT CATTTTTATT AGTTGAAAAG TTTCCTAATA 
AAAACTAAAT TATTCAGCAA GCTAGATTCT ATATACGCAA 
AAATATACAC ATTTGAGAAT ATACCAGTCC TTCCAGGTAC 
AGTATTATCT TTCGTCTAAG AAGAACTTAA AGCATTTTAG 
GATGGGATTG GGGGCCAGGG ACAATATGTA TAGCTAAATG 
TGGCATTAAA ATACCTAAAA ATGTGGTAGC ATAATATATG 
AAAATAATGT TACCCTGTAG ACTTTGGTTT AGTGGTAATT 
TTAGACCGCG ATACAAAAGC TGCTTTATCC TCTCCCTCTG 
GTGATGTAAG GTGCTAGACT ACTGTAAGGT. TTCCTTGGGG 
CACACTGGTT TATATTTTGA AAGCCAATCC TAATCCCAAA 
TCAACGTTCT AGGAAGCTGA CTTTTCTAGA ACAAATGTAT 
ATT 

(2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS • 

SJ H i 432 «fno acids 

T YPE: ammo acid 

(C STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE : peptide 

<xi) SEQUENCE DESCRIPTION : SEQ ID NO- 4- 

r ^ Pro ?ly Trp Leu Trp L . u ^ s>r vm l ^ ^ ^ 

*■ U. VJ1 «„ Glu Hi « A ,„ ^ Thr Qlu ^ ^ ^ 

~ «. «■ M . Cys p „ „. Arg ^ ^ ^ ^ ^ ^ 

«- «y s« G1 „ ^ Pro G1 „ Leu Thr ^ ^ L . u Thr Ile 

60 

«» -« - Gl » ry. „ s „ Met Glu „ al ^ ^ 

3 80 



TGGCAAATAT 
GCCTGGTATA 
GATGATTAGG 
ACTATCTAAG 
TTTCCTATGG 
TCTAAAAAGA 
ACAATTATAC 
TTTTTATTAT 
GTTTTATTTT 
AACTGAAAGC 
TTCTCAAGAA 
TATTCATCTA 
TCTCTTCCCT 
CACTTACTGT 
CTCTCTGTGC 
AAAGGCATGG 
GCAATACTGT 
TTATTAGGAT 



TACCACCAGA 
AACCAGGCAC 
CCCAAGAATT 
AGGACGATGA 
CTAAACATTT 
CTCCTATGTT 
ATTATAATTG 
TTTTATAATA 
CACTAGGGCT 
CAAGAACTGT 
GAAGGGCAGG 
ATGCAAAATA 
CTCCAATTGA 
TTATAGCCTG 
ACAATGGTTT 
TAAGGGAAAA 
TGTCGAGGAG 
GAATTTGGGA 



4380 

4440 

4500 

4560 

4620 

4680 

4740 

4800 

4860 

4920 

4980 

5040 

5100 

5160 

5220 

5280 

5340 

5400. 

5403 
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Arg Thr Leu Lys Glu Ala Val Asp Ser Leu Lys Lys Ser Cys Gin Asp 
85 90 95 

Cys Lys Leu Gin Ala Asp Asp His Arg Asp Pro Gly Gly Asn Gly Gly 
100 105 110 

Asn Gly Ala Glu Thr Ala Glu Asp Ser Arg Val Gin Glu Leu Glu Ser 
115 120 125 

Gin Val Asn Lys Leu Ser Ser Glu Leu Lys Asn Ala Lys Asp Gin lie 
130 135 140 

Gin Gly Leu Gin Gly Arg Leu Glu Thr Leu His Leu Val Asn Met Asn 
145 150 155 160 

Asn lie Glu Asn Tyr Val Asp Asn Lys Val Ala Asn Leu Thr Val Val 
165 170 175 

Val Asn Ser Leu Asp Gly Lys Cys Ser Lys Cys Pro Ser Gin Glu His 
180 185 190 

Met Gin Ser Gin Pro Val Gin His Leu lie Tyr Lys Asp Cys Ser Asp 
195 200 205 

His Tyr Val Leu Gly Arg Arg Ser Ser Gly Ala Tyr Arg Val Thr Pro 
210 215 220 

Asp His Arg Asn Ser Ser Phe Glu- Val Tyr . Cys Asp Met Glu Thr Met 
225 230 , 235 240 

Gly Gly Gly Trp Thr Val Leu Gin Ala. Arg Leu Asp Gly Ser Thr Asn 
245 250 255 

Phe Thr Arg Glu Trp Lys Asp Tyr Lys Ala Gly Phe Gly Asn Leu Glu 

260 265 270 v' : " - 

Arg Glu Phe Trp Leu Gly Asn Asp Lys lie His Leu Leu Thr Lys Ser 
275 280 285 

Lys Glu Met lie Leu Arg lie Asp Leu Glu Asp Phe Asn Gly Leu Thr 
290 295 300 

Leu Tyr Ala Leu Tyr Asp Gin Phe Tyr Val Ala Asn Glu Phe Leu Lys 
305 310 315 320 

Tyr Arg Leu His lie Gly Asn Tyr Asn Gly Thr Ala Gly Asp Ala Leu 
325 330 335 

Arg Phe Ser Arg His Tyr Asn His Asp Leu Arg Phe Phe Thr Thr Pro 
340 345 350 

Asp Arg Asp Asn Asp Arg Tyr Pro Ser Gly Asn Cys Gly Leu Tyr Tyr 
355' 360 " 365 

Ser Ser Gly Trp Trp Phe Asp Ser Cys Leu Ser Ala Asn Leu Asn Gly 
370 375 380 

Lys Tyr Tyr His Gin Lys Tyr Lys Gly Val Arg Asn Gly lie Phe Trp 
385 390 395 400 

Gly Thr Trp Pro Gly lie Asn Gin Ala Gin Pro Gly Gly Tyr Lys Ser 
405 410 415 

Ser Phe Lys Gin Ala Lys Met Met lie Arg Pro Lys Asn Phe Lys Pro 
420 425 430 
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I CLAIM 



A method of preventing or treating a condition requiring a reduction in 



5 



2. 



binds to Fgl2. 



A cnelnod according to claim , wherejn saW inhibj[or a ^ ^ 



3. 

antibody that binds to a human F g l2 having the 
10 4. 



amino acid sequence as shown in Figure 5. 



A method according to claim 3 wherein the antibodv h.^ 

5 - A method according to any one of claims 1 to 4 wherein the mnHH • « 

rejection. wnerein the condihon is graft 



15 6. 



A method according to any one of claims 1 to 4 wherein the cc 



loss. -™* wnerein the condition is fetal 

^^IZT'LT 0 '** " ~" s a " — 

in a biological sample^ronrttTrranbnTl^ 1 ^ 8 etec ' ul g a Fgl2 protein or a Fgl2 nucleic acid 
20 8 

hav^ aCuirr dtos t ; c,aim 7 compr,si " 8 d — * « ■ — * - 
* or <bT, i.r„ m sure 2 ° r 3 ° r seqjdn ° :i - *< - • *«— 

, or W a protein having an amino acid sequence a « 
SEQ,D.NO,2 or 4, or a fragment thereof. ' ^ " 5 ° r 

2 S ^ A meth ° d deteCti " S 3 Fgl2 P r ° tein accor ding to claim 7 or 8 co™ ■ ■ 

25 contacting the sample with an antibody that binds to F e 12 wh 7 ? § 

detected after it becomes bound to theFglL the sam^ § " ^ " ^ 

cl 7 or S C^t^LT'r^^*^'" 

— - l lie, jrj^rr : 
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conditions which permit the formation of the hybridization product, and assaying for the 
hybridization product 

11. A method according to claim 10 further comprising treating the sample 
with primers which are capable of amplifying the nucleic acid molecule in a polymerase 

5 chain reaction to form amplified sequences under conditions which permit the formation of 
amplified sequences, and assaying for amplified sequences. 

12. A method according to any one of claims 7 to 11 wherein the condition is 
graft rejection. 

13. A method according to any one of claims 7 to 11 wherein the condition is 
10 fetal loss. 

14. A method of inducing immune coagulation comprising administering a 
nucleic acid sequence encoding Fgl2 or an Fgl2 protein to an animal in need thereof. 

15. A method according to claim 14 comprising administering (a) a nucleic acid 
molecule having a sequence shown in Figure 2 or 3 or SEQ.ID.NO.rl or 3 or (b) a protein 

15 having a sequence shown in Figure 5 or SEQ.ID.NO.:2 or 4. • 

16. A method for assaying for a substance that affects the prothrombinase 
activity of a Fgl2 protein comprising reacting a Fgl2 protein, a substrate which is capable of 
being cleaved by the protein to produce a product, and a test substance, under conditions 
which permit cleavage of the substrate to produce the product, assaying for product, and 

20 comparing to the product obtained in the absence of the substance to determine the effect of 
the substance on the prothrombinase activity of the protein. 

17. A composition for use in inhibiting procoagulant activity in an animal 
comprising (a) an antibody specific for a Fgl2 protein; (b) an antisense oligonucleotide to 

25 Fgl2; or (c) a substance identified using the method as claimed in claim 16 in admixture 
with a suitable diluent or carrier. 

18. A method for preventing or treating a condition requiring a reduction in 
procoagulant activity in an animal comprising administering a therapeutically effective 

30 amount of a composition as claimed in claim 17. 
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19 A vaccine for preventing graft rejection comprising an effective amount of an 

Fgl2 protem or peptide in admixture with a suitable diluent or carrier. 

pie" V3Cdne PteVenting fet£d IOSS C ° mpriSin8 - Active amount of an Fgl2 

protem or peptide m admixture with a suitable diluent or carrier. 

5 Fieure 8 h C" iS ° lated ^ m ° IeCUle (3 > the shown in 

ilZ ThM 1 be U; 00 nucIeic acid s ~ wh - h - «*— «- ~ 

identity w lt h (a); and (c) a fragment of (a) or (b). 

plre 4 h T iS ° lated nUClek m ° leCUle C ° mpriS ^ <*> * e shown in 

10 d I " w G ^ bC U '' W nUdek ^ S6qUenCeS h - substantial sequence 

10 identity with (a); and (c) a fragment of (a) or (b). sequence 
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FIGURE 2 



MOUSE-Xl.DNA 
HUMAN-X1.DNA 

MOUSE-Xl.DNA 
HUMAN -XI . DNA 

MOUSE-Xl.DNA 
HUMAN- XI . DNA 

MOUSE-Xl.DNA 
HUMAN-X1 . DNA 

MOUSE -XI . DNA 
HUMAN -XI . DNA 

MOUSE-Xl.DNA 
HUMAN-X1 . DNA 

MOUSE-Xl.DNA 
HUMAN-X1 . DNA 

MOUSE-Xl.DNA 
HUMAN-X1 . DNA 

MOUSE-Xl.DNA 
HUMAN-X1 . DNA 

MOUSE-Xl.DNA 
HUMAN-X1 . DNA 

MOUSE-Xl.DNA 
HUMAN -XI . DNA 

MOUSE-Xl.DNA 
HUMAN- XI . DNA 

MOUSE-Xl.DNA 
HUMAN -XI. DNA 



10 

1 ATGAGGCTTC 
1 ATGAAGCTGG 
60 

51 CCGAGC G 

51 CGGTTTTTTG 
110 

101 GCGCCCAGGC 
101 GAGCAAAGGA 
160 

151 GGGA GCC 

151 GAGGCAGGGG 
210 

201 GCTCCCGCGG 
201 GCTCCCGAAG 
260 

251 CCCTCAAGGA 
251 ACCTCAAGGA 
310 

301 TTGCAGGCTG 
301 CTGCAGGCTG 
360 

351 -AAT GGA 

351 CAGTACAGGA 
410 

4 01 AGAGTCAGGT 
401 AGAGTGAGGT 
4 60 

451 ATCCAGGGGC 
4 51 ATCAATGTAC 
510 

501 CAACATTGAG 
501 CAACATAGAA 
560 

551 TCAACAGTTT 
551 TCAATAGTTT 
610 

601 CAGTCACAGC CGG. 
601 CAGTCACGTC CAG. 



20 

CTGGTTGGTT 
CTAACTGGTA 
70 

GTGGAGGAGC 
GTTGTGGCAA 
120 

TGCCTGCCCC 
TGTCTGCCCA 
170 

AGTGCCCCTT 
AGTGCCCCTA 
220 

CAGCTTGGCA 
CAATTCAGCA 
270 

AGCAGTGGAC 
AATCGTAAAT 
320 

ACGACCATCG 
ATGACAACGG 
370 



GC AGAGA 

GCCCCGGGAG 
420 

GAACAAGCTG 
TAACAAGCTG 
470 

TGCAGGGGCG 
TTCATGGTCG 
520 

AACTACGTGG 
AATTATGTTG 
570 

GGATGGCAAG 
GGATGGCAAA 
620 



30 

GTGGCTGAGT 
CTGGCTGAGC 
80 

ACAACCTGAC 
ACAATGAAAC 
130 

GCGAGGCTGG 
GTGAGACTAG 
180 

CCAGCTCACC 
CCAGGTAAGC 
230 

GCATGGAGGA 
GGATCGAGGA 
280 

AGTCTGAAGA 
AGTCTAAAGA 
330 

AGATCCCGGC 
AGACCCAGGC 
380 

CAGCCGAGGA 
AGGTTGGTGA 
430 

TCCTCAGAGC 
TCCTCTGAGC 
480 

CCTGGAGACG 
CCTGGAGAAG 
530 

ACAACAAAGT 
ACAGCAAAGT 
580 

TGTTCCAAGT 
TGTTCAAAGT 
630 



40 

TCTGCCGTCC 
TCAGCTGTTC 
90 

TGAGGGGCTG 
AGAGGAAATT 
140 

AGGGCAGCGG 
AAAGCAGAGG 
190 

CTGCCCACGC 
CTGCCCCCCT 
240 

GGTGCTCAAA 
GGTGTTCAAA 
290 

AATCCTGCCA 
AATCTTGCCA 
340 

GGGAATGGAG 
AGAAACGGAC 
390 

CAGTAGAGTC 
TAACAGAGTT 
440 

TGAAGAATGC 
TAAAGAATGC 
490 

CTCCATCTGG 
CTGAATCTTG 
540 

GGCAAATCTA 
GGCAAATCTA 
590 

GTCCCAGCCA 
GTCCCAGCCA 
640 



50 

TCGCTGCCTG 
TTGCCACTTA 
100 

GAGGATGCCA 
AAAGATGAAA 
150 

GAGGTGCGAG 
GAAATGCGAA 
200 

TGACCATCCA 
TGACTATTCA 
250 

GAAGTGCGGA 
GAAGTCCAAA 
300 

GGACTGTAAG 
AGACTGCAAG 
350 



GG— 

TGTTGTTACC 
400 
CAGGAACTGG ^ 
AGAGAATTAG 
450 

AAAGGACCAG 
CAAAGAGGAG 
500 

TAAATATGAA 
TAAATATGAA 
550 

ACCGTTGTGG 
ACATTTGTTG 
600 

AGAACACATG 
AGAACAAATA 
650 



50 
50 

100 
100 

150 
150 

200 
200 

250 
250 

300 
300 

350 
350 

400 
400 

450 
450 

500 
500 

550 
550 

600 
600 

650 
650 
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FIGURE 3 

10 20 30 40 50 

MOUSE-X2.DNA 1 TTCAACATCT AATATACAAA GATTGTTCCG ACCACTACGT GCTAGGAAGG ». 50 

HUMAN -X2.DNA 1 TTCAACATCT AATATATAAA GATTGCTCTG ACTACTACGC AATAGGCAAA 50 

60 70 80 90 100 

MOUSE-X2 . DNA 51 AGAAGCAGTG GGGCCTACAG AGTTACCCCT GATCACAGAA ACAGCAGCTT 100 

HUMAN-X2 . DNA 51 AGAAGCAGTG AGACCTACAG AGTTACACCT GATCCCAAAA ATAGTAGCTT 100 

110 120 130 140 150 

MOUSE -X2 . DNA 101 TGAGGTCTAC TGTGACATGG AGACCATGGG TGGAGGCTGG ACGGTGCTGC 150 

HUMAN-X2 . DNA 101 TGAAGTTTAC TGTGACATGG AGACCATGGG GGGAGGCTGG ACAGTGCTGC 150 

160 170 180 190 200 

MOUSE-X2 . DNA 151 AGGCTCGCCT TGATGGCAGC ACCAACTTCA CCAGAGAGTG GAAAGACTAC 200 

HUMAN -X2 . DNA 151 AGGCACGTCT CGATGGGAGC ACCAACTTCA CCAGAACATG GCAAGACTAC 200 

210 220 230 240 250 

MOUSE-X2 . DNA 201 AAAGCCGGCT TTGGAAACCT TGAACGAGAA TTTTGGTTGG GCAACGATAA 250 

HUMAN-X2 . DNA 201 AAAGCAGGCT TTGGAAACCT CAGAAGGGAA TTTTGGCTGG GGAACGATAA 250 

260 270 280 290 300 

MOUSE -X2 . DNA 251 AATTCATCTT CTGACCAAGA GTAAGGAAAT GATTTTGAGA ATAGATCTTG 300 

HUMAN -X2 . DNA 251 AATTCATCTT CTGACCAAGA GTAAGGAAAT GATTCTGAGA ATAGATCTTG 300 

310 320 . 330 340 350 

MOUSE-X2.DNA 301 AAGACTTTAA TGGTCTCACA CTTTATGCCT TGTATGATCA GTTTTATGTG 350 

HUMAN-X2 . DNA 301 AAGACTTTAA TGGTGTCGAA CTATATGCCT TGTATGATCA GTTTTATGTG 350 

360 370 380 390 400 

MOUSE -X2 . DNA 351 GCTAATGAAT TTCTCAAATA CCGATTACAC ATCGGTAACT ACAATGGCAC 400 

HUMAN-X2 . DNA 351 GCTAATGAGT TTCTCAAATA TCGTTTACAC GTTGGTAACT ATAATGGCAC . ■ 400 

410 420 430 440 450 v 

MOUSE-X2 . DNA 401 GGCAGGGGAT GCCTTGCGTT TCAGTCGACA CTACAACCAT GACCTGAGGT ' 450 

HUMAN-X2.DNA 401 AGCTGGAGAT GCATTACGTT TCAACAAACA TTACAACCAC GATCTGAAGT ' : 450 

460 470 480 490 500 

MOUSE-X2.DNA 4 51 TTTTCACAAC CCCAGACAGA GACAACGATC GGTACCCCTC TGGGAACTGT 500 

HUMAN-X2 . DNA 451 TTTTCACCAC T C C AG AT AAA GACAATGATC GATATCCTTC TGGGAACTGT 500 

510 520 530 540 550 

MOUSE-X2 . DNA 501 GGGCTCTATT ACAGCTCAGG CTGGTGGTTT GATTCATGTC TCTCTGCCAA 550 

HUMAN-X2 . DNA 501 GGGCTGTACT ACAGTTCAGG CTGGTGGTTT GATGCATGTC TTTCTGCAAA 550 

560 570 580 590 600 

MOUSE-X2 . DNA 551 CTTAAATGGC AAATATTACC ACCAGAAATA CAAAGGTGTC CGTAATGGGA 600 

HUMAN-X2 . DNA 551 CTTAAATGGC AAATATTATC ACCAAAAATA CAGAGGTGTC CGTAATGGGA 600 

610 620 630 640 650 

MOUSE-X2 . DNA 601 TTTTCTGGGG CACCTGGCCT GGTATAAACC AGGCACAGCC AGGTGGCTAC 650 

HUMAN-X2 . DNA 601 TTTTCTGGGG TACCTGGCCT GGTGTAAGTG AGGCACACCC TGGTGGCTAC 650 

660 .670 680 690 700 

MOUSE-X2 . DNA 651 AAGTCCTCCT TCAAACAGGC CAAGATGATG ATTAGGCCCA AGAATTTCAA 700 

HUMAN-X2 . DNA 651 AAGTCCTCCT TCAAAGAGGC TAAGATGATG ATCAGACCCA AGCACTTTAA 700 

710 720 730 740 750 

MOUSE-X2.DNA 701 GCCATAA 750 

HUMAN-X2 . DNA 701 GCCATAA 750 
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«~=*C| XCATTCCT^ AGGTATTCGT TATCTAA^ 

TC ATAGCTAAAA 
50 160 
TA GGTTCTTATG 
10 220 
TC CTTTGTTGTT 

C-CAA^A ATTAGCAATA TTGAGAATXA »-S TTTAATTTCT 



CTTTAGAATA TCCCTTGTTT M ATAGCTAAAA AATGCCTTGT TTCATAtSt 

XCATAGCTAA AAAATGATGT CTGACGGCTA CXACACAGCA TTTGAAATAA 

AGCXGAAAAA CA^CATTJ 



ATTGAAACTT TTTCTATTGC AAAAAATAAT TGTTGGCtIg 

_^ TCACGCCTGT AATNCCAGCA CT^ TCAAGGCAGG CAGATCaSt 

3CCA AACATGTGAA 
5 ^0 520 
^ATQ CCTGTAATCC 
570 580 
*AAQ AGGTTGCAGT 
«0 6 4o 

:tct gtctcaaaca 

690 700 

tfCT gtatttgggc 

750 7 60 
•TTA TTTGGGTAAT 
810 820 

650 860 w ACCCTAC ^ A iTTTGGTTC CCAGACTAAG 

-ACTAATA TCTATAXAAT TAAACTTGTT CATTTAtSt TCATaAAATA TAAAATJ^CTT 
GTCATTXAAA CCGTTTAAAA ATGTGGTAGC ATAATGTCAC CCCAAAAAGC ATTCAGAAAG 



— -J ™« AGCCTGGCCA AACATGTGAA ACGCTGTNTN TATTAAAAAT 

~~ ~£- -~? — ^ 

3AAG AGGTTGCAGT 
«0 640 

:tct gtctcaaaca 

690 700 

™° 740 ™ GTATTTGGGC i^a'X'GATTTAA GCACATCTGA 

AGGTATATCA CTCTTTTCAG GCTATAATTA TTTCGGtS cTTCATtSg 
AATCTATATC ATTTACTTTG CAACAGAACA ACCCTAcSc ATTTTGgSc CCAGACTAAG 



GCAGGAGAAJ CGCTTGAACC TGAGAGGAAG AGGTTGCAGT GAGCCaJaA TCACCCACXG 
CACTCCAGCA TGGGTGACAG AGAAAACTCT GTCTCAAACA AAAAAATAAT AAAATTTATT 
CAGTAGG.TG GATTCTACAC AAAGTAATCT GXATTTG^ CATGATTTAA GCACATcSa 



CAATGTAACT GTQAAOACCA GGGTTTaUo GTAA^J^ „ 1010 1020 

1030 X040 GTAATTCATT TATAGTTTAT AACTCCTTAG 

ATGTTTGATG TTOAAAACTO CTTTAACATO AA. . .... 1070 

I'^o^tl'll^* A ^ P ° 8itl0a 1 correspond ^ position 

FIGURE 4 
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FIGURE 5 



10 20 30 40 -50 '■ 

MOUSEPRO.AMI 1 QrQpgQlEZSI] gggH aCR-A BEEHSi|EGL EEjASBQAAgi ACTHgsBfJ^ 50 

HUMAN PRO. AMI 1 EkJJaN0yJEE 23222^*0 FL B^AN^EQgEI kEerQkDVHJ VgggSRgKffl 50 

60 70 80 90 100 

mousepro.ami 51 -GSCgOFfiLT {g^rFCTTOT^R BLGSMSETOiiS CTZrtWNjIa^d B333233533 10 o 

HUMANPRO . AMI 51 EAGEgQygVS W^P fCT7CT3K BFSRlEEWFffl PraON UT!^ !^ gggj^gggg 10Q 

110 120 130 " 140 150 

MOUSEPRO.AMI 101 HWfliM HPPraa GN GAETAEjJsgH O EPEEbTOnn ^BMSg B Q 150 

humanpro . ami ioi EjSEEngEES rSHlllpstg APGEVGgjNaa Rjajg^njEI! SaasaJSSEE 150 

16 0 170 180 190 200 

mouse pro . ami 151 flQcgQ gEire r iMMMflHWHai EEEE^HEEE EvQEHEsQ ffiRM 200 

humanpro . ami 151 QNvfjHg233 K BnBEEME SEBS s jggggg O^tEEEEESE BEBEEBB ai 200 

210 , 220 230 240 250 

mousepro.ami 201 ggcEEIjHH EESEhEJ/iS m^GA ^m bshrBEEB33 250 

humanpro. ami 201 bhr iamsmim EE333Y0Aig k^etQ3J0 BBpk SB^BS 250 

260 270 280 " 290 300 

MOUSE pro . AMI 251 IBWJfaM;MiT«[ EngBggg EBKffl MSMdaMMH rfl bUMEe^Umi! ) UUH^!^HI 300 

humanpro. ami 251 MMMXMM gCTOOT3 TWnffl 02233323^0 bKMfcHI»M»a l»*J!H^!hH 300 

■ 310 320 ■ 330 340 350 

mousepro.ami .. 301 kMtMaiiiaWM L t \mmum±\ mmmmiam Bi EEHSEagg ESEEHSR5H2 350 

humanpro. ami 301 ^SESZME^ eGEHEESEE EEEEBEHsS Bv ESHEEB E3Ei NKgHg 350 

360 370 380 390 400 

MOUSEPRO.AMI 351 EECT Rlalamd^ R liMUU'isfcWg] BSHEEBSS SSsfflSEH2 HftViSMMtt dB 400 

humanpro. ami 351 222^351122 K [gg»EH^g BSBSEEffl S^ SSSMBS B322H3t€ v 400 

410 420 430 440 450 

mousepro.ami 401 SEMEME ragiNofl oraaa w^j3cM EEESJNEE* 450 

humanpro. ami 401 mmimm m/sEm umm mzGntEmy mzzM3$z + . . . 45 o 
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FIGURF 



MOUSE PRO. AMI 
HUMANPRO . AMI 

MOUSE PRO. AMI 
HUMANPRO. AMI 

MOUSE PRO. AMI 
HUMANPRO. AMI 

MOUSEPRO.AMI 
HUMANPRO. AMI 

MOUSEPRO.AMI 
HUMAN PRO. AMI 

MOUSE PRO . AMI 
HUMAN PRO. AMI 

MOUSEPRO.AMI 
HUMANPRO. AMI 

MOUSEPRO.AMI 
HUMANPRO. AMI 

MOUSEPRO.AMI 
HUMANPRO. AMI 



10 

1 MRLPGWLWLS 
1 MKLANWYWLS 
60 

51 -GSQCPFQLT 
51 EAGECPYQVS 
110 

101 LQADDHRDPG 
101 LQADDNGDPG 
160 

151 IQGLQGRLET 
151 INVLHGRLEK 
210 

201 QSQPVQHLIY 
201 QSRPVQHLIY 
260 

251 WTVLQARLDG 
251 WTVLQARLDG 
310 

301 RIDLEDFNGL 
301 RIDLEDFNGV 
360 

351 HDLRFFTTPD 
351 HDLKFFTTPD 
410 

401 VRNGIFWGTW 
401 VRNGIFWGTW 



20 

SAVLAACR-A 
SAVLATYGFL 
70 

LPTLTIQLPR 
LPPLTIQLPK 
120 



GNG GN 

RNGLLLPSTG 
170 

LHLVNMNNIE 
LNLVNMNNIE 
220 

KDCSDHYVLG 
KDCSDYYAIG 
270 

STNFTREWKD 
S TNFTR TWOD 
. 320 
TLYALYDQFY 
ELYALYDQFY 
370 

RDNDRYPSGN 
KDNDRYPSGN 
420 

PGINQAQPGG 
PGVSEAHPGG 



30 

VEEHNLTEGL 
WANNETEEI 
80 

QLGSMEEVLK 
QFSRIEEVFK 
130 

GAETAEDSRV 
APGEVGDNRV 
180 

NYVDNKVANL 
NYVDSKVANL 
230 

RRSSGAYRVT 
KRSSETYRVT 
280 

YKAGFGNLER 
YKAGFGNLRR 
330 

VANEFLKYRL 
VANEFLKYRL 
380 

CGLYYSSGWW 
CGLYYSSGWW 
430 

YKSSFKQAKM 
YKSSFKEAKM 



40 

EDASAQAACP 
KDERAKDVCP 
90 

EVRTLKEAVD 
EVQNLKEIVN 
140 

QELESQVNKL 
RELESEVNKL 
190 

TWVNSLDGK 
TFWNSLDGK 
240 

PDHRNSSFEV 
PDPK NSSFE V 
290 

EFWLGNDKIH 
EFWLGNDKIH 
340 

HIGNYNGTAG 
HVGN YNGTA G 
390 

FDSCLSANLN 
FDACLSANLN 
440 

MIRPKNFKP* 
MIRPKHFKP* 



50 

ARLEGSGRCE 
VRLESRGKCE 
100 

SLKKSCQDCK 
SLKKSCQOCK 
150 

SSELKNAKDQ 
SSELKNAKEE 
200 

CSKCPSQEHM 
CSKCPSQEQI 
250 

YCDMETMGGG 
YCDMETMGGG 
300 

LLTKSKEMIL 
LLTKSKEMIL 
350 

DALRFSRHYN 
DALRFNKHYN 
400 

GKYYHQKYKG 
GKYYHQKYRG 

450 v' 



50 
50 

100 
100 

150 
150 

200 
200 

250 
250 

300 
300 

350 
350 

400 
400 

450 
450 
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FIGURE 7 



10 20 30 40 50 60 70 

MKIAHHY>rLSSAVLATYGFLWANNETEEIKDBBAKDVCPVW.ESRGKCEElXCECPYQVSLPPLTIQI.PK 
HELIX HKhhhhhhhhhhhhhhhhhhhHHhhhhHHHHHHHHH hh 
SHEET 3SSSSSSSSSSS.«aSSSs SSSSSS 3333SSS3333SS333 

TORN TTTT TTTT TTTTTTT TTTT TTTT TTT 

00114 c cccc 

aQ *° 100 110 120 130 140 

QWRXECTITEVQOTKEIVHSLKKSCQDCKWADD^^ 
HELIX hHKHHHHHHHHHMHHHMHH HHHHHHHH 

SHEET 0ltS9SSS3SJ9S8aS3SS399 sSS sS9 

TTOH T TTTTTTTTTTT TTTTTTTTTTTTT TTTTTTT TTTTTTT 

COIL ccc 

"0 160 170 180 190 200 210 

SSELKNAIOEEXNVraCRLEKLHLVHHmilEN 
HELIX HHHHHHHHhhhHhhhhHHhhhhhh hhhhhhhhhh hhhhhhhhhhhhhh 

SHBET ss Sa SSSSS993SSSS9 sSSSSSSSSs SSSSSSSSSS3S33 

TORN TTTT TTTT TTTTT TTTTTTTTTTTT T 

COIL CC 

220 230 240 250 260 270 280 

KTCSDYXAIGKRSSETrKVTPDPKNSSFEVYCDMETMGCran^ 

HELIX h h hhhhhhhh KhhH hhh 

SHCET ■ «3S 3SSS3 3S3S3SSS3 3SS3SSS3 3SS33 

TORH TTTTTTT TTTTTTT TTTTTTTTT TTTTTT TTTTTTT TTTTT 

0011 ccccc 

290 300 310 320 330 340 350 

EFICLGHDKIHIiTKSKEMILRIDLEOFHGVELYALYOQFYVMlEETKYIlLHVGNYHGTAGOALRrHKHYH 
HELIX HHHh hhhhhhhhhHhhhhhhHHhhhhhhhhhhhhhhhhhhhhhH 
SHEET Mas SSSSs SSSSSS* SSSSSSSSSSSSSSSSSaSSSaa 

TORN TTTTT TTTT TTTT TTTTTTTTTTT TTT~T 

C0IL CCCC 

360 370 380 390 400 410 420 

HDLKFFTTPDKDNDRYPSGNCGLreSSGHWFDACLSANLNGKYYH 
HELIX hhhhhhh hhhhhHh hhhHHHh 

SHEET 33SSSS3 aS3 aSSSSs sSSSSSSssssSSSSSsass 

TORN TTT TTTTTTTTTTTTTTTT TTTTTT TTTTTTTTT TTTT TTTT TTTT 

COIL 

430 440 
YKS3FKEAKMMIRPKHFKP* 
HELIX hhKHHHHH 
5HEET a«3 

IN TTTTTT TTTT 
COIL CCC 
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FIGURF ft 



MOUSEPRO.DNA 
HUMAN PRO . DNA 

MOUSEPRO.DNA 
HUMANPRO. DNA 

MOUSE PRO . DNA 
HUMANPRO. DNA 

MOUSE PRO . DNA 
HUMANPRO. DNA 

MOUSE PRO . DNA 
HUMANPRO. DNA 

MOUSE PRO . DNA 
HUMANPRO. DNA 

MOUSE PRO. DNA 
HUMANPRO. DNA 

MOUSE PRO. DNA 
HUMANPRO. DNA 

MOUSEPRO.DNA 
HUMANPRO. DNA 

MOUSE PRO. DNA 
HUMANPRO. DNA 

MOUSEPRO.DNA 
HUMANPRO. DNA 

MOUSEPRO.DNA 
HUMANPRO. DNA 

MOUSEPRO.DNA 
HUMANPRO. DNA 

MOUSE PRO . DNA 
HUMANPRO. DNA 

MOUSEPRO.DNA 
HUMANPRO. DNA 

MOUSE PRO. DNA 
HUMANPRO. DNA 

MOUSEPRO.DNA 
HUMANPRO. DNA 



' == === £== ~ ~I 

s == =£= ssss s~ SSS 

" ; ~ =5 ==£ ~ ~ 

201 CAGCAAAGCC AATACGTGTT ATGTCCAGTT rrmnJll 250 

£ sss=s jssss = ctgcotS 

TTTTTAAACA agaaatctta tgagatgtca atatgcaaaa 

s ~ S=E 'S=S 25S5 ™I 
~ ~ = =£ ==S =S= 

420 430 ddn 

S =S= SS5 1= — ~ 

- = = ~ =s= ss-S 

501 TAAGAGATAG ATTACAGAGT GCCTTTAACT ,rTir,r,r! 55 ° 

so. c,™ „™ GCA j^c SSSS SS 

si ssss s=ss srE £™ »-» s 

TA G CTC AAA~GAT T.CACATTTGA GCAG r 

10 62 0 630 

601 TTTAATAAGA AACCTTATPA r ™**™.*m 650 
601 TGTGGAAGAT ££££££ SSSSJ GCACAATGAA CTTAAGAGAG 
660 AGT ™ TTACCAAAAT GT-CGAAGGG C-AAAGGAG 

GCT ACTGGTTT-- -TGATG A AAGACAATTA TGTCCTTT — 

720 73Q 

701 TGTGTGAGTG ACGTGCTTCC AAGTGTTTTA ACCACTGArr .,,,,.„ " 
m TAAATGGGTC TTAGACATTT AGACATTTAT ££££ SSSSS 

- ~ « ssS sss ™ 

Si ~ == —| SSSS =3§ 
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150 

200 
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300 

350 
350 

400 
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500 
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800 
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FIGURE 8 ronf'H 



MOUSEPRO.DNA 
HUMAN PRO. DNA 

-MOUSEPRO.DNA 
HUMANPRO . DNA 

MOUSE PRO . DNA 
HUMANPRO. DNA 

MOUSE PRO. DNA 
HUMANPRO. DNA 

MOUSEPRO.DNA 
HUMANPRO. DNA 

MOUSEPRO.DNA 
HUMANPRO. DNA 

MOUSE PRO . DNA 
HUMANPRO. DNA 

MOUSEPRO.DNA 
HUMANPRO. DNA 

MOUSE PRO. DNA 
HUMANPRO. DNA 

MOUSEPRO.DNA 
HUMANPRO. DNA 

MOUSE PRO. DNA 
HUMANPRO. DNA 



851 
851 

901 
901 

951 
951 

1001 
1001 

1051 
1051 

1101 
1101 

1151 
1151 

1201 
1201 

1251 
1251 

1301 
1301 

1351 
1351 



TTTGTTCTGA 
TTTGTTACAC 
910 

TAGCCTTCAA 
CCAACAT-GA 
960 

CAGAATCATT 
AAGGACCATT 
1010 
ATTTAGACGT 
AACTAGCTCT 
1060 
ATAATATGGT 
GTATAATTAT 
1110 
AAGACTTTCC 
AAGACTTTTC 
1160 
ACAATGCGTG 
TGGCTGTGTA 
1210 
ACAGGAGATG 
AGAGTAAGTT 
1260 
CCTG-TGTG- 
CTTCCTGTGC 
1310 
GGGAACTCAG 
GGGAACACAG 
1360 

CCTGGTC 

AGCCCTGCGC 



TTAGGGGCAA 
TtAGAAACTT 
920 

AAAGAAAACA 
AGAAAATACA 
970 

TCCATTTTGG 
TTCATTTTAG 
1020 
TCCAACTCTT 
TACTTTTTAT 
1070 
ATCTTTTGGG 
TTACTTCAAG 
1120 
TTGTGCTTTA 
TTATACTTCA 
1170 
GCAGCCACGG 
CATTTGACTA 
1220 
ACAGCATTTG 
ACAGTTTTTG 
1270 
GCGTCTGAGA 
GTTTCTAAAA 
1320 
AACGCCTGAG 
AAAGCCTGAC 
1370 

AG GCT 

ACTCCCTGCT 



TTTTAAGTAC 
CTAAAAGTGC 
930 

GGTTCCCAAA 
GGCTCCCCAA 
980 

TGACATTTA- 
TAACGTTTCT 
1030 
TCCCCACTAG 
CTTTAAAAAC 
1080 
CACTGGTATT 
CG-TAGTATA 
1130 
CTAAAAAC-C 
TAAAATACAT 
1180 
CAGGCATTCT 
TAATAATTTC 
1230 
GCTGGCTGCG 
GCAAACTGCG 
1280 
CT-GTGATGC 
CTTGTGATGC 
1330 
TCAGGCGGCG 
TCAGGCCATG 
1380 
GGGCT-GCCG 
GGGTGAGCAG 



TTAAGAGTTC 
TTAAGATTTC 
940 

CTA 

TGCCCCATTC 
990 

GTGGGAAGAA 
GTTCTAtAGA 
1040 

TG G 

TGTTTTTCCA 
1090 
ACAA-CTGTT 
CCAAATTACT 
1140 
CA-GACGGTG 
TATGAAAGTG 
1190 
ATTGTGCATA 
AATGCATATT 
1240 
CTTGCTGAGG 
TTTGATGAGG 
1290 
AAATGCGCCC 
AAACGCTCCC 
1340 
GTGGCTATTA 
GCCGCTATTA 
1390 
CACTGCAAGG 
CACTGTAAAG 



ACACAAAGTC 
AGCTGAAAGT 
950 

-GG&VGGAAA 
TAAGAAGAAA 
1000 
GCTCACAGAC 
CAGTTTGGAT 
1050 
ACCAAGT-AT 
GTGAAGTTAC 
1100 
TTTTAAACAA 
TTAGAAATGC 
1150 
AATCTTGAAT 
AATCTTG — T 
1200 
GTTTTGACTG 
ATTTCTATTG 
1250 
ACCCTCTCCT 
GCTATCTCCT V 

1300 
GCCCTTTTCT 
ACCCTTTCCT 
1350 

AAGCG 

AAGCAGCTCC 
1400 

ATG 

ATG 
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1050 
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1150 
1150 
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1250 
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1350 
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FIGURF Q 

10 20 30 4n 

tagggttggaagccaggtctcctgagtatgcgagaataIatacagtcatg 

70 80 on inn 

GAAGTGTAAAGAGTCTGCCAACATTTTGAGAATGTGAATAGGATTTGGCT 

AAAATTAAGGGGATATACAGAAAAGTCATAGGJl&ATCAGGTTAAAGACAT 

TCF1 PEA 3 

170 IQO 

AAATATGAemGGCTACAGAGTGTTIIAACIAAIACmAAAACAmA 
J?t HF 116 

210 220 230 Oift 

GATTTTTGCCCATGTCAGTCAlmEAMIT^^l^^J^ 

NF IL6 

260 270 280 oqn 

CCTTTTTAAACAAGAAATCTTATGAGATGTCAATATGCAAAACAAATTAA 
310 320 330 340 35n 

AAGGAGGTGGTTTCTCTAACTGAAGCTGTTCCTCTTTCCTGCCTTCAGCC 
TCr 1 

360 370 380 390 400 

TCTGAAGAGAAAGTTAGAAAACTATTATCATTAATGCTACATGTTTTGAA 

NF_E1 

410 420 430 440 450 

CAAGCTGATATAG£A^GCCCAGAGAGCAGGTAGAAGAACCAGCGTGG 

460 470 480 490 500 

AGACAGAAAGCAAGAGGCCCGCCTGCCAGGGCTACCJjGCAGAAAQAAAGG 

HF I" 

510 520 530 540 550 

^S^p^^^^^^^^^^^^^^^GACAGACACTGGCATAGGIC 
rcFi 
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TCF1 bHIH 
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FIGURE 13 
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FIGURE 17 



5'— CCAAGTATAT AATATGGTAT CTTTTGGGCA CTGGTATTAC AACTGTTTTT "270 
TAAACAAAAG ACTTTCCTTG TGCTTTACTA AAAACCCAGA CGGTGAATCT - 220 
TGAATACAAT GCGTGGCACC CACGGCAGGC ATTCTATTGT GCATAGTTTT " 170 
GACTGACAGGAGATGACAGC ATJTGGCTGC GTGCGCTTGC TGAGGACCCT ~ U ° 
^CTCCTGT GTGGCGTCTG AGACTGTGAT GCAAATGCGC CCGCCCTITr -70 
?.!^^_?P-- A :?^ ANGC CTG AGTCAGG CGG CGGTGGCTAT TAAAGCGCCT-20 ; 
GGTCAGGCTG GGCTGCCGCA CTCCAAGG-3* 

+ 1 
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